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PREFACE. 


IN presenting this work on Indian Forest Zoology to the public 1 
* would invite attention to the fact that it has been primarily drawn 
up as a Manual lor the use of the students at the Imperial Forest 
College at Dchra Dun, India. 

It is claimed for the work however that, in the absence of any tex 
books of the kind entirely devoted to Indian Zoology, it will Jv.ve a 
wider field and be to some extent useful in Agricultural and other 
colleges throughout the country. 

The author is also in hopes that it will be found suitable as a text 
book, or supplementary text book, for use by the Indian Forest Proba-* 
tioners at the University of Oxford. 

The arrangement of the work has been the outcome of careful 
thought, and whilst it may meet with valid and welcome criticism it 
should be borne in mind that the prime idea underlying the book was 
the necessity of keeping it purely Indian so far as was practicable. 
This has been found wholly possible in dealing with the most impor¬ 
tant portion, the Insecta . It is not too much to say that seven 
years ago it would have been quite impossible to write this part, about 
three-fifths of the whole book, as at present framed. That it has 
become feasible has been solely due to the cnlightcd action of the 
Go. jrnment of India in creating in January 1901 the temporary 
appointment of Forest Entomologist; which post has now, owimr to 
the indefatigable exertions of the Inspector General of Forests, 
Mr. Eardley-Wilmot, in bringing into being the Imperial Forcsi 
esearch Institute, become merged into the permanent appointment of 
Impenal Forest Zoolog.st. With the creation of this post considerable 
progress has been made in the knowledge of the insect pests of our 

In order to keep the book within, convenient dimensions it has been 
oun desirable to print in small type descriptiohs of the life histories 
of the various animals given as examples of particular families It 
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should be remembered however, that these portions are by no means 
the least important sections of the work. 

Mv thanks are due to Lieutenant-Colonel A. Aleock, I.M.S., C.I.E., 
F.R.S., late Superintendent, Indian Museum, who, a few years ago, 
aided me in laving down roughly the scope of the Manual ; from which 
basis experience lias pointed out but slight deviations. 

To Mr. A. E. Shipley, F.R.S., Professor of Zoology, Cambridge 
University, and Mr. E. R. D. Sewell, M.A., of St. Bartholomew's 
College, Cambridge, my thanks are due for their kind aid in reading 
over the proofs of the Introduction and Chapter I; also to the late 
lamented Dr. W. F. Blanford, F.R.S., C.I.E., for reading through the 
proofs of the portion of the work devoted to the I'ertebrata and 
for giving me much kindly advice. 

In the preparation of the Manual the following works of reference 
have been consulted Professor H. A. Nicholson's Introductory Text 
Book of Zoology and Text Book of Zoology; Professor T. Jeffery 
Parker’s Lessons in Elementary Biology ; Professor T. H. Huxley’s 
Lessons in Elementary Physiology ; Mr. J. E, V. Boas’ Text Book of 
Zoology ; Dr. Ritzema Bos’ Agricultural Zoology; The Cambridge 
Natural History Scries, especially Dr. Sharp’s Volumes on the 
Insectd ; The Volumes of the Laima oj Liriiish India Series and 
finally the Journals of the Asiatic Society of Bengal and the 

Bombay Natural History Society. 

On the subject of the illustrations a word should be said. Illustrat¬ 
ing works of this nature in India is always a difficulty, and the question 
of expense invariably comes to the front, since it is as desirable as it is 
imperative to keep the cost of the work within the purchasing power of 
those who will have to use it. My thanks are due to Major E. H. de 
V. Atkinson, R.E., Principal, Rurki Engineering College, and his 
assistants for the manner in which they have coped with a difficult 

task. 

With regard to the illustrations themselves; a few are copied from 
the text books detailed above, and I wish here to suitably acknowledge 

their use. 

For a few others 1 have to acknowledge my indebtedness to Indian 
Museum Notes and to the publications of the Agricultural Entomolo¬ 
gist to the Government of India. 
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The illustrations of the portions of the work devoted to the Jnsecta 
are mostly original. For those in the section devoted to the Verte- 
brata I am indebted to the Secretary of State for India in Council who 
kindly granted me the use of the process blocks of portions of the 
Fauna of British India . 

E. P, STEBB 1 NG. 


Dehra Dun, rgoy. 
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INTRODUCTION. 


— ■ ». 

THE THREE KINGDOMS OF NATURE. 


/. Definition of Biology and Zoology. 


\ LL natural objects may be roughly divided into three groups con* 
stituting the so-called Mineral, Animal, and Vegetable King¬ 
doms. 


The objects comprised in the Mineral Kingdom are all devoid of 
life and have the following characters:—They have a simple chemical 
composition (ex. native gold) or, if combined, the compounds are 
simple, consisting of two or more elements (ex. common salt, lime¬ 
stone, felspar, etc.) ; they are homogeneous, i.e., the particles of which 
they consist have no definite relations to one another ; their form is 
either altogether indefinite ( ( amorphous*) or, if definite, they are 
crystalline, when they assume regular forms bounded by plane surfaces 
and straight lines; when they increase in size as crystals may do, the 

increase (called ( accretion’) is produced simply by the addition of 
particles from the outside. 


All bodies having the above characteristics belong to the Mineral 

Kingdom, and are treated of by the Sciences of Geology, Mineraloev 
Chemistry, and Physics. 


It may be mentioned that *' fossils ” or petrifactions are mineral 
bodies which owe their existence and shape to living beings which 
existed at former periods in the history of the earth. For this reason, 
fossils, though they are composed of mineral matter, cannot be cor.i 
stdered as properly belonging to the Mineral Kingdom. 

aving seen how to classify objects belonging to the Mineral 
Kingdom, we have now to consider the differences between the 
latter lcingdom and the Animal and Vegetable Kingdoms. As a 

fwo t,"' T rt r y be “ id that 3,1 H,e belonging to these 

two latter kingdoms possess what is called ‘life.’ Thev are 

0f few chemical elements, carbon, hydrogen, oxygen, and 

nitrogen amongst others, and these elements are fombined to form 
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complex organic compounds, which always contain a large propor¬ 
tion of water, are very unstable, and undergo decomposition easily ; 
they are heterogeneous, />., the parts of which they consist have 
usually more or less definite relations to one another, these parts being 
called ‘organs' and the objects possessing them are said to be 
* organised/ their form is always more or less definite with concave 
or convex surfaces, and bounded by curved lines; when they increase 
in size or “ grow” as we call it, they do so by taking in foreign 
matter into their interior and assimilating it there ; lastly, they always 
passthrough certain periodic changes in a definite and discoverable 
manner—these changes constituting the life-history or life-cycle. 

All objects, then, which fulfil these conditions, are said to be alive, 
and they all belong to either the Animal or Vegetable Kingdom. The 
study of all living objects, whether animal or vegetable, is called by the 
general name of Biology (Gr, bios, life; logos, discourse). As, how¬ 
ever, all living objects belong to one of the two kingdoms, Animal or 
Vegetable, so Biology is divided into the two sciences of BoTANV 
treating of Plants, and ZOOLOGY (Gr, soon, animal; logos, discourse) 
which treats of Animals. 

2, Difference between Animals and Plants . 

It now becomes necessary to consider the differences which exist 
between Animals and Plants and which enables us to split them up 
into the two sciences of Zoology and Botany. Originally it was 
believed that nothing could be easier than to determine the animal or 
vegetable nature of an organism. This is essentially true when we 
are considering the higher members of the two kingdoms. The higher 
animats are readily separated from the higher plants by the possession 
oi a distinct nervous system, in being able to move about from place to 
place and in possessing an internal cavity fitted for the reception and 
digestion of solid food. The higher plants, on the other hand, possess 
no nervous system or organs of sense, are incapable of voluntary 
changes of place, and are not provided with any definite internal cavity ; 
their food being wholly fluid or gaseous. 

The lower animals {Protozoa), however, cannot be separated in 
many cases from the lower plants ( Protophyta ) by these distinctions, 
since many of the former have no digestive cavity, and are destitute 
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of a differentiated nervous system) and many of the latter possess the 
power cf active locomotion. 

One of the most reliable of all the tests by which an animal may 
be separated from a plant is to be found in the nature of the food and 
the products which are formed out of the food within the body. 

The differences between animals and plants in this respect may be 
stated as follows :— 


I. Plants live upon purely inorganic substances, such as water, 
carbonic acid, and ammonia, and they have the power of making out 
of these true organic substances, such as starch, cellulose, sugar, etc. 
Plants, therefore, take as food very simple bodies and manufacture 
them into much more complex substances, so that plants are the great 
producers or manufacturers in nature. 

z. AH planls, which contain green colouring matter (chlorophyll), in 
the process of digestion break up carbonic acid into the two elements 
of which it is composed, namely, carbon and oxygen, keeping the 
carbon and setting free the oxygen. As carbonic acid always occurs 
in the atmosphere in small quantities, the result of this is that plants 
remove carbonic acid from the atmosphere and give out oxygen. 

3. Animals, on the other hand, have no power of living on inorganic 
matters, such as water, carbonic acid, and ammonia. On the contrary 
animals require to be supplied with ready-made organic compounds 
if their existence is to be maintained. These they can only get in the 
first place from plants and therefore animals are all dependent upon 
plants for food, either directly or indirectly. Animals, therefore, differ 
from plants in requiring as food complex organic bodies which they 
ultimately reduce to very much simpler inorganic bodies. Whilst 
plants, then, are the great manufacturers in nature, animals are the 
great consumers. Another distinction arising from the nature ot their 
food is, that whilst green plants in sunlight decompose carbonic acid, 
eeping the carbon and setting free the oxygen, animals absorb 
oxygen and give out carbonic acid, so that their action in the atmos¬ 
phere is the reverse of plants. It has already been stated that amongst 
e oner organisms on both sides we have exceptions. 

“ ay s “ mma,ise ‘he above by saying that plant protoplasm 
be "“anufactured direct from the Mineral Kingdom. Animal 
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protoplasm can only be manufactured from plants directly as in the 
case of herbivorous animals, indirectly as in the case of carnivorous 
animals, 

STUDY OF THE STRUCTURE AND VITAL PHENOMENA 

OF ANIMALS. 

Before proceeding to a consideration of the general division of 
the Animal Kingdom, we will examine the structure of the highest 
forms of animal life (mammalia) and make a rough study of the human 
body and the bodies of mammals, examining the form of the body, its 
covering, skeleton, digestive, respiratory, circulatory, excretory, and 
nervous aystems, sense organs, muscles and flesh, and reproductive 
system. 

/, Form of the Body, 

In the Mammalia the body can be obviously divided into three 
regions, Head and Neck, Trunk and Tail, Limhs. In the head the 
brain-case or cranium is distinguishable from the FACE. The trunk is 
naturally divided into the chest or thorax and the belly or abdomen. 
Of the limbs there are two pairs, the upper, or arms , and the lower, 
or logs, and legs and arms are again sub-divided by their joints into 
parts which obviously exhibit a rough correspondence— thigh and 
upper arm, leg and forearm , ankle and wrist, fingers and toes plainly 
answering to one another. And the two last in fact are so simitar 
that they receive the name of DIGITS while the several joints of the 
fingers and toes are called PHALANGES (see figs, i and 2). 

The whole body thus composed {without the organs which fill the 
cavities of the trunk) is seen to be bilaterally.symmetrical ; that is to 
say, if it were split lengthways by a great knife, made to pass along 
the middle line of both the dorsal and ventral (or back and front) 
aspects, the two halves would almost exactly resemble one another as 
an object resembles its reflexion in a mirror. 

The interior of the trunk is mainly occupied by a large chamber 
which is subdivided into the two subordinate cavities of the thorax and 
abdomen by a remarkable partly-muscular and partly-membranous 
partition, called the midriff or diaphragm. The alimentary canal 
^digestive system) traverses these cavities from end to end (fig. i), 
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piercing the diaphragm, as do also the main blood-vessels of the trank 
and hind limb and the gangliated cords of the sympathetic nervous 
system. 

The abdomen contains in addition to these parts the two KIDNEYS, 
one placed near each side of the vertebral column and connected 
each by a tube, the ureter* to a muscular bag, the BLADDER, lying at 
the posterior end of the abdomen: the LIVER, the PANCREAS, and 
the SPLEEN, The thorax incloses, besides its segment of the alimentary 
canal, the HEART and the two LUNGS. The latter are placed one on 
each side of the heart vyhich lies nearly in the middle of the thorax. 
The two cavities are bounded behind by the back bone (vertebral 
column) which is made up of many vertebrae. The iatter surrounds 
the dorsal cavity, called the vertebral or spinal canal. 

The uppermost vertebra supports anteriorly a continuous mass of 
bone, which extends throughout the whole length of the skull and 
separates the Cranial from the Facial part. The Cranial Cavity 
becomes continuous through a large aperture-the foramen magnum— 
with the vertebral canal. The former encloses the Brain, the latter the 
spinal cord; these two parts, being continuous with one another 
through the foramen magnum, constitute the cerebro-spinal or central 
nervous system. The Facial part of the skull, with which we include 
the lower jaw or mandible, surrounds the anterior portion of the 
alimentary canal—the mouth—and serves to carry the teeth. The 
bones of this part of the skull are so arranged that they enclose a 
number of chambers or cavities which lodge and protect the organs of 
sight (the orbits), 2(10), and smell (the nasal cavities), 2(4), 

The limbs, which are used for locomotion, contain no such cham 
bers as are found in the body and the head; with the exception of 
some branching tubes, called blood-vessels which of course occur all 
over the body, they are solid or semi-solid throughout. 


* Covering of ike Body. 

The outer covering of members of the Animal Kingdom varies, 
n the invertebrate group of the Arthropoda the body covering con¬ 
sists of a hardened substance called CH1TIN. Insects have their outer 

S h “ r n f f“ C0Ver ' d Wltl1 ‘!> ,s raaterial. In the Molluscs, on the other 
and, the outer covering is a SHELL as seen in a snail. Amongst 
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vertebrate animals, some reptiles and fish have scales, whilst the frog 
has usually a soft NAKED SKIN. In birds, again, the body is covered 
with FEATHERS, these being replaced in mammals by HAIR. 

The skin or INTEGUMENT which underlies this covering, consists of 
two layers: a superficial which is, in mammals, constantly being shed 
in the form of powder, scales, etc., known as the EPIDERMIS; and a 
deep, the DERMIS consisting of connective tissue plentifully supplied 
with blood-vessels. Both Epidermis and Dermis are well-supplied 
with nerves, but it is only when the Dermis is injured that we get 
bleeding. Some distance within the margin of the apertures of the 
body, the skin becomes continuous with the mucous membrane, lining 
the various viscera such as the alimentary canal. This membrane 
presents a superficial resemblance to the*skin, being also composed of 
two layers—a supporting layer of vascular connective tissue and a 
layer of epithelial cells next the lumen, Developmentally, however, it 
is quite distinct from it. 

3. Connective Tissue , Muscles (Flesh). 

The dermis and the deep fibrous layer containing blood-vessels 
which answers to it in the mucous membranes are chiefly made up of 
a delicate, elastic, fibrous network. This is called CONNECTIVE TISSUE 
because it is the great connecting medium by which the different 
parts of the body are held together. Thus it passes from the dermis 
between all the other organs ensheathing the muscles, coating the 
bones and cartilages, and eventually reaching and entering into 
the mucous membranes. Connective tissue varies very much in 
character: in some places being very soft and tender, at others—as 
in the tendons and ligaments which are almost wholly composed of 
it—attaining great strength and dersity. 

The bones are usually surrounded by FLESH. This consists of a 
number of muscles, which are separated off from one another by septa 
of connective tissue. Each muscle is composed of a number of muscle 
fibres, all arranged so that they lie in the direction of the line of action 
of the muscle. Each of the fibres possesses the power of contraction 
and thus tend to approximate their two extremities, becoming shorter 
and thicker. The contraction of the muscles determines the various 
movements of the different parts of the body. 
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Some muscles are fixed by their ends to various parts of the body 
which they move by their contraction. If the upper arm of a man be 
stretched out and tightly grasped as the forearm is lent up, a great 
soft mass which lies at the forepart of the upper arm will be felt to 
swell, harden, and become prominent. As the arm is again extended 
the swelling and hardness vanish (cf. fig, 4}. On removing the skin 
the body which thus changes its configuration is found to be a mass of 
red FLESH sheathed in connective tissue. The sheath is continued at 
each end into a tendon, by which the muscle is attached, on the one 
hand, to the shoulder-bone, and, on the other, to one of the bones of 
the forearm. This mass of flesh is the muscle, called biceps. It is 
by reason of the property of contraction that muscular tissue becomes 
the great motor agent of the body ; the muscles being so disposed 
between the systems of levers (bones) which support the body that 
their contraction necessitates the motion of one lever upon another. 

There are other muscles which surround a cavity, and by their 
contraction propel the liquid or solid substances found in their cavity. 
The heart, for example, is a large muscle of this kind, serving to 

propel the blood, while the hollow muscular coat of the gut moves on 
the contained food. 


The system of hard tissues when present in an animal is called 
the SKELETON. The less hard of these are the CARTILAGES, composed 
of a dense firm substance known as <f gristle. 1 ' The harder are the 
BONES which are masses of tissue hardened by being impregnated with 
phosphate and carbonate of lime. Such an internal skeleton is pre¬ 
sent in mao, the leopard [see figs. 2, 3), etc. In other cases it may 
be external as, e.g., the lobster (fig. 30), snail (23), etc. 

COLUMN *L’J1 ^ TT bral Ske ' et °" |S f ° rmed VERTEBRAL 

column (spine) which is composed of flat bones, the vertebra! 

A vertebra usually consists of („ the body, which occupies the fr„„f-' 

(neural spine t A a rCh ' Wh ' Cl> P ° SSeSSeS pr ° iection! or processed 

neural spine, t.ansverse processes, articular processes) and encloses 
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cervical vertebrae, which support the head, are followed by the dorsal 
or THORACIC VERTEBRA (12 in man, 13 in the leopard, fig. 2(2), 3, R) 
and these by the strong loin or LUMBAR VERTEBR/E {5 in man, 7 in 
the leopard, tig. 2(3), 3, L). The latter are, in their turn, followed by 
the SACRAL vertebrae, which serve to support the hip—or pelvic—girdle 
and of which there are usually two, and these again by a varying 
number of tail or CAUDAL vertebrae. The Cervical, Dorsal and lumbar 
vertebrae are more or less movable on one another. In man there are 
5 sacral vertebrae, united firmly to form a single bone, the Sacrum, and 
only 4 or 5 caudal, w'hich are all poorly developed and are often fused 
together (5) and may even be fused with the sacrum, but in many 
animals there are a large number movably united to make up a tail. 
This is shown in the tail of the leopard (tig. 3, Su). 

The ribs which in mammals bound the chest are jointed to the 
thoracic vertebrae. Man has 12 pairs of ribs, the leopard 13; each 
rib consists of a bony part behind and a gristly part in front. The 
so-called true ribs (the upper pairs) (fig. 2, 14) are movably united with 
the breast-bone or sternum (16), but this is not the case with the false 
ribs (fig. 2(15), 3, C). 

In the head we distinguish the brain-case or cranium and the 
skeleton of the FACE. The first contains the cranial cavjty in which 
the brain is enclosed. We distinguish—2 frontal bones (fused to¬ 
gether in man (6) ; 2 parietal bones (7) ; 2 temporal bones (8) ; an 
occipital bone (9) composed of several pieces fused together, perforated 
by the foramen magnum (where brain and spinal chord unite), and 
bearing two elevations or condyles (so as to join on to the backbone) ; 
and the sphenoid and ethmoid bones which make up the base of the 
cranium. The facial skeleton consists of the framework of the jaws and 
palate, and together w ith some of the cranial bones, bounds the cavities 
in which the eyes are contained (orbits) and the nasal cavities. It 
consists of the maxillary bones (12), the premaxillary bones (fig, 3, 7), 
(in man the premaxilla and maxilla of each side early become united to 
form a single bone), the nasal bones, the lachrymal bones, the plough¬ 
share bone (vomer), the turbinated bones, the cheek bones (or malars) 
(11), the palate bones, and the lower jaw (13)- The last originally 
consists of two symmetrical halves (fig. 3, 1-10}. 
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The upper and lower limbs are built oa the same type, and there¬ 
fore consist of corresponding parts [cf. figs, 2 and 3). The more 
similar the functions of the two pairs, the closer their resemblance. ^ In 
the leopard or dog they are much more alike than in man 1 in the bird, 
on the contrary, the similarity is much less {cf. fig. 29)* The limbs are 
attached to the body by means of bony girdles known as the shoulder- 
girdle and the hip-girdle. Below the parts of the arm and legs of 
a man are placed together— 

Arm , 


L Shoulder-girdle* consisting of: 

Shoulder-blade (Scapula) (fig- V 7 )- 
Collar-bone (Clavicle). 

Coracoid process (of Scapula). 
jeL Upper-arm : 

Uppcr-arm-bonc (Humerus) (18). 

III. Forearm ; 

Radius (19)* 

Ulna (20). 

IV. Hand: 

Two rows of wrist-bones (Carpal 
bones) (21). 

Metacarpal bones {22}* 
Finger-bones (Phalanges) (23), 


I, Hip-girdle, consisting of; 

Hip-bone (Ilium) (24). 

Pub 13 * 

Rump-bone (Ischium). 

IL Thigh : 

Thigh-bone (Femur) (25)* 

III* Leg : 

Shin-bone (Tibia) ( 25 ). 

Clasp-bone (Fibula) (37), 

IV. Foot ; 

Two rows of ankle-bones (Tarsal- 
bones) (28). 

Metatarsal bones (29). 

Toe-bones (Phalanges) (30), 


The difference between arm and leg are explained by their different 
uses. The bones of the leg, used to support the human body, are 
firmer and thicker, but less movable than those of the arm, which is 
employed in grasping. Consequently the union between the hip-girdle 
and the trunk-skeleton is firmer than that of the shoulder-girdle. The 
radius can rotate upon the ulna, so as to completely turn the hand 
over; a similar movement of the foot would not be of use, and cannot 
be effected. The leg has a knee-pan (patella) {fig. z (31), 3, P) with 
which there is no bone in the arm to correspond. In the foot 
the toes are short, and the remaining parts long. In the hands 
the digits are relatively long, and since the tip of the thumb in 
man, monkeys and a few other animals can be made to touch 
lhe tips of the fingers, are admirably adapted for grasping. The 
number of fingers or toes is at most 5, but may be less. The 
horse has a single digit to each limb, the ox two well-developed and 
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two remaining as rudiments ; the pig two large and two small, while 
the dog has four toes on the hind, and five on the fore foot; the 
leopard 5 on both, Man walks on the sole of his feet. Some other 
animals (dog, cat) on the toes ; others, again {horse, ox, pig) on the tips 
of the toes, the whole of the tip being sheathed in a horny hoof. In 
many animals the thigh and upper arm are drawn up close to the body, 
so that the limbs appear quite different from those of man (<r/. figs, 2, 3) 


5. Digestive System . 

We have already seen that animals " grow ” and that this growth 
is dependent on their obtaining food and air, the former consisting 
of complex organic bodies which they reduce to much simpler 
ones, whilst from the latter they absorb the oxygen giving out 
carbonic acid gas. These changes, which the food undergoes prepara¬ 
tory to its absoption into the blood, are carried out by the Digestive 
System. The organs in connection with this system are the Mouth 
and Teeth for receiving and chewing the food. The Gullet for 
passing the food into the Stomach where it is digested. In addition 
we have the Small Intestine where digestion is completed and the 
food partly absorbed; the Large Intestine where absorption is com¬ 
pleted and the Anus out of which the undigested residue is cast 
(fie 5). In most animals we find that the digestive tract has these two 
openings, the mouth and anus. The mouth in vertebrates is usually 
furnished with teeth whose chief function is to reduce the food 
to a condition in which it can be digested. In some animals, however, 
the snakes, the teeth are only used to hold the prey 
and not for mastication; and in others, such as the turtles and 
birdr the jaws are not furnished with any teeth at all. The food is 
also usually subjected in the mouth to the action of a special fluid- 
the saliva—which acts chemically as well as mechanically on the food, 
and which is secreted by special glands, known as the" salivary 
dands ” From the mouth the food passes through a muscular tube 

-the gullet or esophagus (fig. 5, g)-to the proper “v*/. 

or stomach(s). Here it is subjected to a special digestive A^-the 
gastric juice, and is converted into a thick, pasty fluid. rom the 
Stomach this fluid passes into a long convoluted muscular tube, the 
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small intestine (sm). Here it is subjected to the action of two other 
digestive fluids, called the [< bile J ' and “ pancreatic juice/' as well as 
to the fluids secreted by the intestine itself. The bile is secreted by 
a large gland known as the “ liver," whilst the pancreatic juice is 
produced by another, termed the pancreas,” both pouring their 
secretion into the upper part of the small intestine. By their 
action a milky fluid results which is fit to be taken up into their 
blood-vessels. 

The small intestine finally opens out into a tube of larger diameter, 
the large intestine (Ini) which opens at its lower end on to the surface 
of the body by an anal aperture (a). In the large intestine the last 
remaining portions of the food which can be rendered useful are 
absorbed into the blood, the indigestible portions being ultimately got 
rid of as useless. 

The last portion of the large intestine is usually less convoluted 
than the rest and is called the rectum (r). 

All animals, however, have not such a complicated digestive 
apparatus. In Amceba, which consists of a simple jelly-like mass of 
protoplasm (see fig. 7 ), the animal feeds by pushing out a finger-shaped 
prolongation of the protoplasm and enclosing the particle of food, 
then withdrawing the finger, thus lodging the food particle securely 
within the substance of the body. There is no digestive tract or tube. 

In Hydra, on the other hand, we have the simplest form of 
digestive tract in a sac or canal which communicates with the 
exterior by a single aperture only [see fig. 8). This opening thus 
serves both as an entrance or mouth and also as an exit for the un¬ 
digested portions of the food. 

6 , Respiratory System. 

The cells of an animal must have oxygen in order to live: it must 
therefore be continually taken into the body and all the cells of the 
different organs must be supplied. Further, the waste products 
resulting from the constant combustion going on in the cells must be 
got rid of: one of these waste products is carbonic acid gas. The 
absorption of oxygen and the excretion of carbonic acid gas, are always 
going on synchronously in the tissues j the oxygen being withdrawn 
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from the blood and the carbonic acid gas given off to it. In order 
that the blood may be again purified and oxygenated the reverse 
process must be gone through: this is carried out by means of the 
Respiratory System. In air-breathing vertebrates, the organs com¬ 
prised in this system are the nostrils and mouth, the Lungs, and the 
windpipe, the latter being the passage along which the air is conveyed 
to and from the Lungs. The blood, as it circulates through these 
organs, takes up the oxygen of the air, of which it forms about one- 
fifth, and gives out the carbonic acid gas, which it has brought from 
the tissues—the two processes again taking place synchronously. The 
air in the Lungs is renewed at short intervals: the taking in of pure 
air, inspiration, alternating with the giving out of impure air, expiration, 
together constituting Respiration, Other*anima!s, however, make use of 
the dissolved oxygen, which occurs in all natural waters. In such, the 
gaseous interchange takes place while the blood is flowing through a 
number of specialised organs—the gills—over which the water is kept 
constantly flowing. Now it is known that the waste which leaves 
the body contains more oxygen than the food which enters the body. 
Indeed, oxidation, the oxygen being supplied by the blood, is going 
on all over the body. All parts of the body are thus being continually 
oxidised, or, in other words, are continually burning, some more 
rapidly and fiercely than others. And this burning, though it is carried 
on in a peculiar manner, so as to never give rise to a flame, yet 
nevertheless produces an amount of heat which is as efficient as a 
fire to keep the body at a temperature of 37°C\ (98°6F.) (in man). 
Nor is it alone heat that is provided by this oxidisation ; the energy 
which appears in the muscular work done by the body has the same 
source, just as the burning of the coal in a steam-engine supplies the 
motive power which drives the wheels, so the oxidation of the muscles 
(and thus ultimately of the food) supplies the motive power of those 
muscular contractions which carry out the movements of the body. 

It must be remembered that all animals have not a complicated 
respiratory system. In many animals, which have no respiratory 
organs, the digestive tract performs the respiratory function. Air, or 
water containing air, is always swallowed with the food and the 
oxygen is absorbed during its passage through the digestive organs. 
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Many of the lower animals (chiefly aquatic), but a few terrestrial {eg., 
earthworms), are destitute of special breathing apparatus, and respira¬ 
tion is effected by e&dcsmosis, which goes on all over the surface of 
the body, the oxygen being taken in and the carbonic acid gas given off 
all over the body surface. These animals are always thin-skinned. 
Most animals have, however, distinct breathing organs, assisted in 
many cases by the sltin. In the water-breathing vertebrata, such as 
fishes, the respiratory organs are in the form of gills or branchiae 
which are richly supplied with blood and absorb the oxygen from 
the water. In the case of a fish water passes into the mouth and over 
the gills and out at the gill cavity frequently. In the air-breathing 
vertebrates the breathing organs are in the form of lungs. These 
essentially consist of cellular or spongy organs placed in the cavity 
of the chest, richly furnished with blood-vessels and receiving constant 
supplies ot fresh air, taken in through the mouth and nostrils, by 
means of a tube which opens In the throat and is known as the 
u wind-pipe ” or trachea. 

A peculiar kind of respiratory organ the system of tracheae, is 
present in many Arthropods and will he described in detail under the 
Insects. 


7 * Circulatory System. 

We have already seen how food materials taken in are treated in the 
digestive apparatus, i.e. } are digested. In many of the lower animals, 
the digested food-stuffs, after traversing the alimentary canal, make 
their way through the various tissues by a kind of endosmosis. In 
most, however, the system is more complicated. So long as the 
nutritious food-stuffs remain in the alimentary canal, even though in a 
completely suitable form, they cannot nourish the body. And since 
waste of the substance of the body everywhere takes place it is 
absolutely necessary that the food-atuffs should pass after digestion into 
a system of vessels going to all parts of the body. For this purpose 
there is a special system of branching vessels which conveys the 
nutritive material derived from the gut all over the body to be absorbed, 
ultimately, by the tissues, This arrangement of tubes is termed the 
circulatory system. Food substances enter it from the gut either 
directly or indirectly, in the latter case reaching it through the 
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lymphatic (lacteal) system. In connection with this system we have 
to consider the following essentials : The Blood and Blood-vessels, 
Heart , Arteries, Capillaries , and Veins . 

The blood is the fluid into which the food-stuffs are taken up. It 
consists usually of a clear colourless liquid ; more rarely it is yellow 
or green. Floating in it are numerous free discs which are called 
blood corpuscles. They ate usually red in colour in the vertebrata 
and account for the colour of our blood. There are also the white 
amoeboid corpuscles. The blood flows through the body in a system 
of tubes or blood-vessels which branch repeatedly, and at last 
become merged in the microscopic capillary blood-vessel. These 
capillaries are present in nearly all parts of the body except the 
epidermis and epidermal structures (hairs, feathers, scales, etc.). 
They have exceedingly thin walls which present no resistance to the 
passage of the nutritious substances contained in the blood, so that 
these can be absorbed by those parts of the body which He between 
the individual capillary vessels. The central organ of the circulation 
is the heart , an enlarged part of the vascular system possessing thick 
muscular walls, By the rhythmical contraction of these walls the 
blood is driven uut of the heart in jets (flg. 6, H) leaving at (0) 
since there is a valve at (^) which closes when the heart contracts. 
The vessel into which the blood leaving the heart enters is called an 
artery (A T). It divides into several branches also known as arteries 
(A T l A T 1 ) and the smallest arteries pass into the capillaries (C) 
which again are connected with the smallest veins (V 1 V*) which 
join longer and larger veins until finally one, V, or a few open into 
the heart. 

This is what is known as the circulation of the blood. 

Now the fluid containing the dissolved or suspended nutritive 
matters, which are the result of the process of digestion, traverses the 
very thin layer of soft and permeable tissue which separates the cavity 
of the alimentary canal from the cavities of the innumerable capillary 
vessels which lie in the walls of that canal, and so enters the blood 
with which those capillaries are filled. Whirled away by the torrent 
of the circulation, the blood thus charged with nutritive matter, enters 
the heart. In all the mammals this organ is completely divided by a 
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median septum, luto two halves, a right and a left. The blood return* 
ing from the intestines, and from the other tissues of the body, is poured 
into the right side, and is then forced through the Lungs: completely 
oxygenated, it is now carried to the left side of the heart and is 
thence propelled into the organs of the body. To these organs it 
supplies the nutriment with which it is charged; from them it takes 
their waste products, and finally returns by the veins to the heart, 
loaded with useless and injurious excretions, which sooner or later 
take the form of water, carbonic acid and urea. When the blood 
Streams through the lungs it gets rid of poisonous gaseous matter 
taking up oxygen, and when it traverses the kidneys and sweat glands 
it parts with the injurious liquid and solid substances. 

It must be remembered that many of the lower animals, as we 
shall see later on, have no circulating system, 

8 . Excretory System . 

We have already seen that the food compounds taken into the 
body are burnt in order to furnish the vital activity ; just in the same 
way as a steam-engine consumes its fuel in order to enable it to move. 
Tn the case of the steam-engine it is necessary to get rid of the ashes 
of (he consumed fuel, and in like manner the body has to get rid of the 
waste products quite as promptly and essentially as nutriment is 
supplied. This is done by the excretory system t the organs of which 
are the Kidneys and Skin and Lungs, The waste substances, of 
which the most important are water, carbonic acid, and urea, are got rid 
of, the carbonic acid and a good deal of water by the lungs ; the urea 
and salts are excreted by two glands called the kidneys which at the 
same time pass away a large quantity of water and a trifling amount 
of carbonic acid, whilst the skin gives off much water, a little carbonic 
acid, and a certain quantity ol saline matter. The secretion of the 
kidneys is sometimes got rid of by means of special canals adapted for 
this purpose alone, and there is sometimes a special bladder, the urinary 
bladder, which serves as a reservoir for urine. In the lower animals 
there is no special canal, and the excretions are discharged into the 

lower part of the alimentary canal and are evacuated along with 
the undigested particles of food. 
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g. Nervous System and Sense Organs. 

The Digestive, Respiratory, Circulatory, Excretory, etc., Systems 
cannot act independently. They are all under control, and the controlling 
force is the Brain and Spinal Cord . All animals have not a brain, and 
the degree of the development of the nervous system varies according 
to the complexity of the animal In Amoeba there is no nervous 
system, whilst in man we get the highest development attained. In 
nearly all vertebrates the central masses of the nervous system consist 
of the spiral cord contained in the canal formed by the neural arches 
of the vertebra and of an anterior mass of nervous matter which is 
protected by the- skull and is termed the brain . The size and deve¬ 
lopment of the brain vary greatly. In the lower forms the^ brain is 
little more than a collection of nervous masses or " ganglia." These 
!T S ,'" consist of groups of - ganglion ” cells. The “ nerves,” which 
consist of bundles of nerve-fibres usually branching in their course, 
spring from the spinal cord and Brain and supply the various organs. 
Nerves are called motor or sensory, consisting of motor or sensory 
fibres. The brain and chord, receive impressions sent from the 
different sense organs by the sensory nerves; by the motor nerves 
they transmit impulses to thejnuscular elements and thus control their 

movements. 

Sensory organs only appear when a nervous system is present. 
They may be divided into simple and complex; to the former class 
the organs of touch, taste, and smell belong since they are of simpler 
structure than the more complex organs of hearing and sight. 

The sense of touch contrasts with the other senses in that it is 
distributed over the whole or the greater part of the surface of the 
body; the entire skin, especially the epidermis, is therefore a sense 

organ. 

Olfactory organs are acted upon by gaseous matters in a peculiar 
way; they can be ascribed with perfect certainty to only a small pro¬ 
portion of forms, vis.t existing terrestrial animals. They consist 
in Invertebrata broadly of a tuft or tufts of sensory hairs ending at 
their base in a nerve fibre which passes to the front of the brain. 
Amongst insects, which have been proved to possess a very acute 
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sense of smell, the olfactory organs are situated upon the antenna. 

These are provided with delicate sensory hairs. 

Gustatory organs are affected only by substances in a state of 
solution ; an insoluble powder is inactive. In the Vertebrate they are 
represented by the so-called taste-buds of the tongue and the walls of 
the mouth. The buds are supplied with nerve fibres. In fish, taste- 
buds may occur on the external surface of the body. 

Auditary organs usually occur in vescicles filled with fluid. The 
auditory organs of insects will be considered later. 

Optic organs, or the organs of sight, vary in the form ot develop¬ 
ment Those of insects will be considered under the chapters on those 

arthropods. 

jo. Reproductive System. 

Reproduction, the formation of new individuals, occurs in the 
Animal Kingdom in two quite different ways, sexually and asexually. 

All Metazoa exhibit sexual reproduction which consists essentially 
in the development of a single cell, after liberation from the parent, 
into a new individual. Every celt in the Metazoan body has not this 
property, but only certain peculiar ones called ova. As a rule, the 
ovum (which is the female element) cannot develop by itself into a new 
individualj it must first be fertilised, i,e ,, it unites with another cell, 
usually of a smaller size, and always with special properties, a sper - 
mat a soon, which is the male element. The organ in which the ova 
are developed is called the ovary. In some cases, as for instance, in 
some Insects, Crustacea, etc., the ovum can produce a new individual 
without the intervention of the male (Parthenogenesis). We shall 
allude to this in the chapters on Insects. 

There are two forms of asexual reproduction, fission and gemma • 
tion. In fission a longitudinal or transverse furrow appears on the 
individual concerned, and gradually deepens, until finally the organ¬ 
ism divides into two approximately equal pieces, which grow whilst 
the process is going on, or after it is complete, until each has attained 
the size of the parent, Leis frequently division occurs without the 
preceding constriction, the animal breaking suddenly into two pieces. 
Gemmation differs from fission in that only a small part of the 
body of the original individual develops (by rapid growth) into a new 
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animal, so that it is possible to distinguish between the parent and 
bud ; in. ' fission the two individuals arc exactly alike. Various 
instances of this asexual reproduction are to be met with amongst low 

animals, such as Ccelentcra, Platyhelminths, etc. ^ 

Often in gemmation or fission the new individual does not separate 

completely from the other, hut remains in more or less intimate 
connection with it. In this case if division is repeated, the result is a 
colony or stock consisting of a varying number of animals produced by 
a sexual reproduction from one original individual. Stocks or colonies 
occur especially in Corals, Hydroids, Tapeworms, Polyzoa, and Turn. 

cates. 

EXPLANATION OF TERMS. 

Analogs.— When in different animals organs are found fulfilling 
the same purpose and doing the same work, we have a case oi analogy: 
the organs are said to be analogous, and the one is said to be th 

analogue of the other. 

Ex The wings of a bird, (he wings of an insect are analogous to 
one another since they serve the same purpose; they are not sum ar 

h °X’J"^-When> different animals, we find organs having the 

same structure, whatever their functions may be, we have a « o 

homology; the two organs are said to be homologous, and 

said to be the home logo*, of the other. 

Ex The arm of a man, fore leg of a dog, wing of a bird are 

constructed on the same type and are homologous of one another th ough 

Tint nprfnrm the same functions. See ng. 29. 

assemblage of the animals o. any region or 

district is called the fauna of that district. 

Habitat.- By habitat we understand the natural abode of an, 

^DiSertZiou.- Under differentiation is understood the produc- 
Utgcrenvai orocess of evolution or development, 

'TinaniTaUife the germ evolves the digestive and other organs and 
Or When we have an alteration in structure accompanied 
ry'^erenJeTn the functions performed we have a differentiation m 
structure accompanied by a differentiation in function. 
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Ex. In one animal movement may be performed by the whole 
body. In another by a part only. In the latter we have differentia¬ 
tion both in structure and function. 

Descent .'—Animals living at the present day arc said to be derived 
from animals living at former periods by a process of descent. 


EXPLANATION OF CLASSIFICATION. 


The Animal Kingdom i? divided into two great sections known as 
the Invertebrate animals or Invertebrate and Vertebrate animals or 
Vertebrate, the latter being distinguished from the former by the 
presence of an interna! skeleton. These "ections are divided up into 
phylas or branches. 

Phylum. — Phylum or branch comprises a group of animals which 
are constructed upon a common plan or type. 

Class .— A class is a sub-division into which the animals constructed 
upon a common plan (comprised in a phylum) is broken up. 

Order .—Each class is divided into orders. 

Family.'*- Each order is divided into families . 

• Genus .—Each family is divided into genera. 

Species. ~ Each genus is divided into species which is the smallest 
definite division of the Animal Kingdom which will be considered in 
this work* Each species or u kind ’* of animal consists of such in* 
dividuals as resemble one another in all the essential characters of 

their structure a id are able to produce other fertile individuals like 
themselves. 


Individual —The members of a species are termed individuals. 
Variety.—I he members of a species are not always exactly alike. 
A number of its individuals may have some special peculiarity or 

peculiarities by which they can be readily separated from the rest, 
buch individuals are termed ictizs* 

. the P eculia nties of a variety are per mar. nt and are 
handed down constantly by inheritance we get a race. 

Ex. The different “ races " into which the " species " rain, consist, 
ing of numbers of “ individuals," is divided. 



Sub-tpeclei, a eub-diviiion of the 


speciei are being largely tied by some naturalists- 
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Vsrtbbrata. 

Mammalia. 

Carnivora. 

Casio*. 

Casis. 

Cants pawiuaris. 


We will take as an example a dog. Its zoological position 

expressed in full is as follows■ 

Phylum t * 

Class •'**''* 

Order • * ■ # * * * 

Family ******* 

Genus . 

Species , » * * * 1 

All species are thus known by the double Latin name, the first 
being the name of the genus, the second the name of the species. 

EXPLANATION OF THE DISTRIBUTION OF ANIMALS. 

Distribution tn Space. 

The distribution of animals in space or their geographical d,str *“* 
tion is concerned with the limits within which each spec,es of anneal 
is at the present day confined. Save man, the dog, horse aheep, 
mouse, housefly, etc, no species has an universal d.stnbut.on an 
each species is confined to a certain reg,on within wider ° r " arr 
limits The Giraffe, for example, is not known to exist ou of Afr oa, 
the Kangaroos belong to Australia, the Armadillos to South America, 
1 Further it is possible to divide the earth's surface into a certain 

number of “’zoological Regions," each of 

th(i rffurrence in it of certain associated forms of animal • 

Lave therefore to consider here, firstly, the geographical range o 
have tnereiore ™ secondly, to determine what general 

each species of animal; and, secondly, w ■ . • larire 

assemblages of animals (fauna) arc characteristic of certain large 

areas or provinces* f 

The spread of land animals is determined by the presence", 

" atUr o a t cross.' Owing to their power of flight the distribution of birds 
“"not .0 limited hut both birds and mammals can be given certain 

fixed provinces. 

The distribution of an .animal at the present day by no means 
necessarily coincides with its former extension. It may be more w, y 
or less widely distributed now than formerly. 
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The eaith's surface is divided into three primary zoological 
divisions or zoological realms known, respectively, as the Arctcgaa, 
Notogaea and Neogaea .* The Arctogaean realm comprises 5 regions 
—the Sonoran, Holarctic, Ethiopian, Malagasy and Oriental, The 
greater part of India and its dependencies are included in the 
Oriental. The Higher Himalayas are within Holarctic limits and the 
fauna of Western India contains too large a proportion of Holarctic, 
or as they are generally called Palaearctic, types for it to be included 
in the Oriental or Indo-Malay region. 

It must be understood that the regions named are founded on the 
distribution of Mammalia and are not either necessarily, or, in fact, 
indentical with those which correspond with the distribution of other 
classes cf Vertebrata or of any Invertebrates, The class of Birds, 
taken as a whole, appears to coincide better with the Mammals in 
distribution than other classes do.t 

The Neogaean realm includes the Neotropical region. The 
Notogoean realm includes the Australian, Novo*Zelandian or Poly¬ 
nesian and Hawaiian regions. Each of these regions is characterised 
partly by the presence of a particular 'fauna* or assemblage of 

animals and partly by the absence of certain other characteristic 
animals. 

The areas comprised in the regions and animals characteristic of 
them are:— 

I. ARCTOGCEA,— 


1 . Holarctic Region (Palcearctie and Northern Neardic)— 

Including Europe, Africa, north of the Atlas Mountains, 
Northern Asia and north of North America. Charac¬ 
teristic animals are the Roe deer, Goat, Moles, Badgers 
and Magpies (Pica) and true Partridges (Perdix.) 

2. Sonoran Region (Southern Necrotic )—southern portion 

of North America down to the centre of Mexico. 
Characteristic ammals are the Mnsk rat, Pouched rats 
(Geomys), Prongbncfc o r American Antelope, American 


• Lydekkik.— A Geogrtphic.1 History of Mintd's, mmm, etc.' 

♦ Beam or or d.— The diot.ib.tlon of Vortobntle Animal, in iodi. <?, , „ 

PM. Thu Royal Soc, Undo.. Votao. ‘“' H C *>" OT * p ' 1 B "™>. 
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deer (Cariacus) and the Turkey, The Beaver, Reindeer, 
Sheep and Bears are types common to this and the 
Palcearctic region. 

3. Ethiopian Region —Including Africa, south of the Atlas 

Mountains and Southern Arabia. Animals are African 
Elephant, Hippopotamus, Giraffe, Hyrax, numerous 
Antelopes, Baboons and Ostrich. There is a charac- 
Iristic absence of Bears, Deer, Goats and Sheep. 

4. Malagasy Region —Includes Madagascar, Mauritius, 

Sychellcs, etc.). Characteristic animals arc Ecrnur>, 
civets, mungooses, musk, shrew and Mur ids. 

5. hido- Malayan Region (Oriental)— Including Asia, south of 

the Himalayas, Burma, Siam, Southern China and the 
Indian Archipelago (Java, Sumatra, Borneo, etc.). 
Characteristic animals arc the Gibbons, Lungurs, Indian 
Elephant, Gaur, Sambar, Munljac, Chevrotain, Paradox- 
urus, Tupaias, Hornbills, Pea fowl and Jungle fowl. 

II. NEOG/EA,— 

Neotropical Region —Including the whole of South America, 
Central America and Southern "Mexico together with 
the Antilles. Characteristic animals are Platyrhine 
Monkeys, Llamas, Peccaries, Sloths, Ant-eaters, 
Armadillos, Humming Birds, Toucans, Curassowos, Tina- 
mus and Rheas. There is an absence of insectivorous 
Mammals, Goats, Antelopes, Oxen, Cranes, etc. 

1, Australian Region —Including Australia, Tasmania. 

Characteristic animals are the Duck mole, Indian Pan¬ 
golin, numerous Marsupials, Birds of Paradise, Cock¬ 
atoos and Australian Mud Pish* 

There is a remarkable absence of most orders of 
Placental Mammals, of Vultures, Woodpeckers and 

tailed Amphibians. 

III. Notog/ea,— , , 

2. Novo-Zelandian or Polynesian Region.- New-Zealand and 

Polynesia. Animals resemble Australian save that 
there are no Marsupials, Monstremes or reptiles except a 
few lizards and Hatteria or Sphenadon. 
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3. Hawaiian Region .—Hawaii and characteristic animals are 
a bat {Aialaphd) and P assart ne birds. 

Leaving the dry land vve find that oven the Ocean animals are not 
distributed at random. Some live on that portion of the sea-shore 
between high and low tides so that they are uncovered by the water 
twice a day. Next we find animals living just below low-tide mark 
and to a depth of 15 fathoms. Rpyond this are other regions of 
various depths which can usually be recognised by the animals inhabit* 
ing them, and finally we get the distinct deep sea " inhabitants living 
in water from 300 fathoms to 3,000 to 4,000 fathoms. There are also 
distinct genera inhabiting the polar, temperate and torrid zones and 

some differences occur between the forms found in the different 
oceans. 

DISTRIBUTION IN TIME. 


The distribution of animals in time or their geological distribution 
is a very vast subject. It will be sufficient to mention here that the 
various kinds of rock composing the earth’s surface often contain what 
are called “ fossils" or “ petrifactions"; in other words, the remains or 
traces of animals and plants which lived at the time the rocks were 
emg formed. In rocks which have been formed in the sea, the fossil 
consists of skeletons of shell-fish, corals, sea urchins, etc.; and in rocks 

W jVr been forme<llakes or riv «- rs we hive fresh-water shells 
and skeletons of fresh-water fish; and in ancient soils as well as 

.n fresh water de P os,ts we find the temains of plants, along with air- 

b eathtng annuals, such as spiders, insects, or beasts. An examination 
of these has shown that the history oi the earth can be traced throul" 
ut a scries of periods each marked by a distinct fauna. E 

Further it must be borne in mind that animals at present livino 

b ihell f- ge T. nl H1< "" SS ‘o *>«»* dwelling on the elr h 

ame ThesI? tho "« h ** not lenticaly, 

-t -„-f 
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Chapter I. 

SCHEME OF THE ANIMAL KINGDOM. 

All animals, like plants, are made up of cells. 

The animal cell usually consists of a substance called protoplasm 
a finely divided viscid substance of which the most important consti¬ 
tuent is albumen. Protoplasm also contains a considerable quantity of 
water and of various other materials. In the protoplasm is a rounded 
or oval body, the nucleus, and in this again is a smaller spherical body, 
the nucleolus. The protoplasm may or may not be surrounded by a 
thickened layer or ,f wall.” An Infusorian animalcule, a microscopic 
organism found in dirty water, is a good example of a protozoon 
with a thickened wall round the protoplasm. 

Protozoa. 

•Some animals never get beyond the stage of this single cell and are 
then called protozoa (Gr. protos, first; and eoou, an animal). These 
protozoa may be defined as unicellular animals which may be colo¬ 
nial (r.£., may consist of a number of cells joined together), but 
then the members of the colony are all alike. This the lowest 
division of the Animal Kingdom. The protozoa have no organs at 

a 
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all. No definite body cavity and no nervous system, and definite 
digestive organs are absent. They are mostly microscopic animals 
which are widely distributed in groat multitudes in the seas, fresh 
waters, and damp places on land. The Am<sba is a typical example of 
the group. It is a microscopic organism which is frequently found 
in fresh water. Its shape is irregular and indefinite. It consists 
of the one cell (fig. 7) having the above des'ribed structure but with 
no wall surrounding the protoplasm. It has the power of movement, 
small processes, called pseudopodia , being thrust out from the^surface 
by the straining of the general substance of the animal towards 
certain points, and the pseudopodia then disappear, and new ones are 
formed ; but apart from this the protoplasm is in constant motion as is 
shown by the way the granules move about, and this mobility of the 
protoplasm enables the Amoeba to glide about through the water. 
The food is caught by means of the pseudopodia and the undigeste 
residue is got rid of by the protoplasm flowing away from it. 


Metazoa. 

Further advance in size and complexity of animals depends on 
multiplication and union of the cells and multicellular animals 1.^,, 
those in which the individual is made up of more than one cell are 
called Metazoa, The union of cells is not possible to any extent if 
all the cells remain exactly alike. The metazoon begins Me as an 
ovum, a small corpuscle of living protoplasm provided with a nucleus 
and at this stage agrees in all essentials with the Amceba. It does 
rot remain, however, in this state; the ovum divides into a number of 
segments, each with its own nucleus, but instead of separating from 
one another they remain in connection j such segments are called cel s 
and the body of the metazoon attains its definite form by repeated 
division and differentiation of the cells. The perfect metazoon then 

is an intimate association of cells like an Amceba, but showing greater 
^ The exp«^°dTvisioi. of physiological labour" « used to express 

the fact that a sort of rough correspondence exists between «y ^ 

highly organized animals and pUnts jus as 1 ^ e ,here 

highly organized human beings. In primUne com 

little or no division of labour. Every man is his own butcher, baker, 
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doctor, etc., and is more or less indepeuaent of the rest. Whereas in 
complex civilized communities society is differentiated into politicians, 
butchers, bakers, soldiers, etc., each class being dependent on the 
others. The same thing occurs in the more complex animals, cells 
being differently modified for different work, 


CCELENTERATA. 

We have seen that union of cells is only possible if the cells do not 
remain exactly alike. Some cells undertake digestive functions, others 
respiratory, etc., etc., and hence by adaptation to special functions 
the cells tend to become unlike one another, and we have differentia* 
tion and organization under control. The simplest stage of differen¬ 
tiation occurs when cells become arranged in two layers, an outer, 
which is a sensory or protective layer, and an inner, which is the 
digestive .one,- This latter forms the wall of a simple cavity open at 
one end j the cavity is the digestive cavity and the opening is at once 
mouth and anus. An animal known as a Hydra has this structure. 
Fig. 8 shows a species of Hydra known as Hydra fusca t and 
4 longitudinal section of the same. Such animals are known as 
CtELENTERATA. With very few exceptions the Coelenterata are 
marine animals. Examples of the group are the Hydras, Coral 
Polyp, and Jelly-fish. They are not of importance for our pur¬ 
pose, but the student should notice that the complicated system of 

organs described in the Introduction to this work are not found 
in the Coelenterata, 


CCELOMATA, 

All the higher animals have, in addition to a digestive cavity a 
second cavity known as the body cavity or CtELUM, and are known 
as CcELOMATA. In these animals the digestive cavity, now called 
the alimentary canal , is quite separate from the body cavity * it 
passes through the latter without opening into it just as the chimney 
of a lamp passes throngh the globe (c/ fig. 9 ). Except when they are 
parasites, all the Coelomata have some of the system of organs 
described in the Introduction. 

The Division Coelomata is divided, according to the complexity of 
then structure, into seven principal Phyla or Branches P * 

8 1 
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Phylum I.—PLATYHELMINTHES or Flat Worms, 

The Flat Worms are bilaterally-symmetrical, unsegmented animals 
with a flat, generally leaf-like body and usually no body cavity, the 
space between the internal organs and the muscular body wall being 
filled up with connective tissue. Sometimes eyes are present, situated 
anteriorly. Both male and female reproductive organs are present 
in the same individual. These animals live in fresh or salt water or 
even in damp places on land, or are parasitic in other animals, such as 
fish, mammals, etc. The tapeworms (Class Cestoda) parasitic in birds 
and mammals, etc., are examples of this phylum. 

Class.—Cestoda. 

The external parts of an ordinary tapeworm ( see fig. 10) consist of 
a very small ** head ” continued behind into a small “ neck ” followed 
by a very large number of joints of which the first are very small and 
short, whilst those which follow get larger and larger the further they 
are from the head. Each joint may be looked upon as an individual; 
it is furnished with male and female organs, and becomes sexually 
mature without reference to the other joints. When mature, it breaks 
off, creeps about, perhaps for a considerable time, and then finally 
ruptures, liberating numerous eggs. Thousands or even tens of thou¬ 
sands of joints may be produced by a single joint. The tapeworm is 
a species of animal which exists in two forms. The larvae developing 
from the liberated eggs become in another host bladder-worms or 
measles. 

An example is the Tapeworm of the dog, Tania casenurus. This tapeworm, 

which may live in the intestines of other animals 

Life-hiitory c( the Tapeworm of the besides the dog, has a circlet of hooks on the head, 
d ° 8 * by which the animal holds fast to the intestinal 

wall, is from 14 to 16 inches long, and consists of about 200 joints. It generally 
live* in the intestines of the sheep-dog in correspondence with which is the fact that 
the bladder-worm, which is the second form, lives in the brain of young sheep. 
If a sheep-dog harbours the tapeworm in iis stomach, a sheep may very easily 
take up a passed-out joint with the grass it feeds upon. The joint is then digested 
in the sheep's intestine and the larva escape* from the egg. It bores through the 
wall of the sheep's intestine, gets into the circulation, and is carried by the blood 
stream to various parts of the body; it can only develop further, however, in the 
brain (or spinal cord). After the minute larvae have reached the cavity of the 
cranium they move about on the outer surface of the brain and dig out channels 





n»pe-»oim tr^0: »•«■* » n ZZ°TrTl7lZ: ^ »<r T ^ 

KrfcSfJ'K??ilUVi -■'*«« 1 w; *•*”-’ a vem ~ 

[Itn. 

L'*rftWiic Round-worm. . ...rface. (F*es- >» and is after 
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until they find a suitable place for further growth. The larva now becomes a 
bladder-worm which gradually grows until it attains a size varying from a nut to 
a hen s egg. It develops numerous tapeworm heads, as many as three to four 
hundred, These become tapeworms if the sheep is finally killed by the para¬ 
sites, and its head devoured by a dog or fox. The disease in the sheep produced 
by the bladder-worm (Canurus certbralis] is called 'sturdy or staggers.’ 


Phylum II.—NEMATHELMINTHES or Round Worms. 

The Round Worms are bilaterally-sym metrical, unsegmented animals, 
with a cylindrical body; the body wall is tough, and hooklets or spines 
may be present on it, but deeply embedded bristles are always absent. 
The gut may be absent, but this is exceptional, 

There are no special organs for circulation and respiration. The 
sexes are distinct in the large majority. Only the class Nematoda needs 
consideration here, 


Class.—Nematoda (Thread Worms). 


Elongated, thread-shaped or spindle-shaped, unsegmented. A gut 
terminating in a ventral anus is present. The outer investment of the 
skin is smooth, often weakly ringed or striated. The muscle layer 
under-neath the true skin is interrupted here and there, when the skin 
itself stretches further inwards (fig. ii). Themouth is usually surround¬ 
ed by hp-hke folds, but more or less distinct jaws may also be present, 
rhe anus either lies at the apex of the tapering posterior end of the 
body or further forward on the ventral surface (fig. 12). The nema¬ 
todes are mostly parasitic, though some small forms are free-livine in 
fresh water, damp earth, or in the sea, and others in decayed substances 


f , .. The £”“*•** *» Gut consist of many species belonging to Hever 
fam lies. They exist more in young animals than in old and cause the followin' 

rubs and bites the sM«. Ji TT , lhe no8,ri)s flnd fln « s J the aninu 
elasticity, (6) ,h,primal ,ug«„ f Iora ‘ 5 n „ dic ' 

tt,e serves, syaesi cryi „ g , En ra ,rai„ t d ‘r 
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or living plants. Many of the parasitic forms live m d•*"****£ 
different periods, or are free-living at one period, P«»<tic: a. another^ 
Some live in this way in damp earth at one season and bore 

insects at another. 

Family .—Anguillulidx (Eelworms). 

The family A nguilluUdx, which may be taken « a 
sentative one of the class, is one of some importance since it conta 

several most destructive crop pests. . _, , f . w 

Eelworms are extremely small, and thin skinned ; they y 7 

relatively large eggs, which develop very quickly. 1,,e „ 

humus or as plant parasites, leading to characteristic dw«W. A 

these parasitic forms may be recognised by the presence of 

spine." This structure, found in the mouth cavity,is ve y r 

and pointed in front, and can be worked forwards and badkwar 

as to penetrate the cell walls of plants. This mouth spine 

only in the species which infest plant tissues (species of TyUnckm, 

Aphelenchus, Heterodera), but also in those forms ll '' ln ^ , r " s an 

earth which bore into the exterior of plant roots. I 

eelworm devoid of a spine is not a plant parasite. A 

of thuTamily, we will consider here the wheat eelworm, Tylenchus 
of this tamny, w „ known i„ England, Germany, 

taTS“ * quarter of the wheat crop being sometimes 

de,t T°rf.n b /.h U of the male is about one-twelfth o, - inch, of the femsle oa. 

tenth to one-fifth (according *•>« •«« 01 “ 

Lifchi.tcr/ ot th«= whMt eel ' vor ’"’ l(s jn w hich the eelworms develop). in* 
fjkntKu, ttandtn,. wheat eelworm 1$ the cause of "car-cockles ul 

wheat. In severe, part, of the ear sbor,"‘{jr 

found instead of wheat e ,al " s - »*' ‘ ’ thou , a „d s ol eelworm larvae (A *" 
white mas, containing hundreds d ^ rigi d,but gradually revive on 

* of an inch long). Ihese aci ^ in the dried-up condit.on. 

moistening even if the galls have 7 (gathered in with the 

When the wheal is ripe the dark-waUed ^11, are gatteed in 

cop, and in many cases are sowa ngam with the sound grams, 
influence of moisture the brown shell soon decafs, and the «1» or th(! 

the gall, travel to a nsighbouring wheat seedling, where they haulms of 

leaf sheath and haulm , they also penetrate into th e te.rn.nri u . , re 

a wheat plant infested by many eelworms remain relatively snort. 
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often slnrply bent and have wavy margins* The eelworms quickly tra flom 
all parts of the plant into the ears, and get into the rudiments of the flowers 
causing them to swell up like bladders, and their walls to become first dark-green, 
and then dark-brown* Sixteen to twenty eelworms are present in the lowest 
flowers of the ear, ten to twelve in those higher up, and four to six in the topmost 
and therefore smallest. Soon after entering the flowers the eelworms become 
sexually mature and lay eggs (600 to i*6oo) from which are developed the larva; 
which inhabit later on the cockle-seed like gall* 


Phylum III.—*ANNE LIDA or Earthworms, Seaworms, Leeches, 

Segmented worms with rounded (earthworm) or flattened (leech) 
bodies and possessing both mouth and anus. The segments are 
relatively similar. Limbs when present are unjojnted. They have a 
body cavity and usually a circulatory system. The nervous system 
consists of a pair of nerve cords situated along the ventral surface 
below the alimentary canal, which are connected with a pair of 
ganglia lying above the pharynx (fig. 14), Eyes feeble. There are a 
I air of tubular excretory organs in most segments (segmental organs). 
The elongate body consists of a number of somites or segments which 
are separated externally by constrictions. The segments resemble 
each other to a certain extent, both in their internal and external 
structure, although they are never all identical, the first or several 
anterior segments and the last always differing from the rest. The 
mouth is close to the front end. The alimentary canal, consisting of 
several regions, usually traverses the body without convolutions. 
The anus is at the hind end (fig. l4 ). The sensory organs are often 
represented by tactile threads (tentacles, etc.). The circulatory fluid 

is sometimes yellow, sometimes green. Some annelids are of separate 
sexes, others hermaphrodite, 

Three classes of annelids will be shortly noticed here. 


I LASS I.— CHjETOPODA, 

Most Cbietopods are marine and (or the most part creep about on 
bnrron- into the s oft bottom of the ocean (some species bore into 

n*“,’ ■'"*""*> '»'“«»* r,e7.„s, «0«d.nl. M , buck 

Root- 

ua ** " «■ *»»•>« <» m .t.« iJtez “r • 
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rockstone or clay, but it is not understood how they do it) I others 
live in like manner in fresh water or in damp earth. A considerable 
number form tubes consisting of foreign particles, mud, clay, sand, 
etc., cemented together; this tube increases in size as the amma 

grows. 

An earthworm (LumMcm) is a typical example ct this class. 

It has an elongate cylindrical body, tapering m front (fig. 15). Eyes 

are absent. On the ventral side of the second segment .s found ‘he 
opening of the mouth. Just in front of the middle is the 
a P thickened region of the skin covering several segments and containing 
a large number of glands whose excretion is connected with copulatory 
actTon! T te earthworm is hermaphrodite ; when two individuals pair 
they mutually fertilize one another. 

Th, of which a large number are generally laid, are surrounded by a 

The eggs, of S subitance which is secreted by the glands of 

ute-huwry of the Earthworm. tbe c ij| e iium ( and surrounds them as a capsule 

as .hey nr. being laid Earthworms of t'nlp 

which they burrow and upon which they fee . ’J , F r0m t *, me to lime 

humus, or, at any rate, not in ^ in or d e r to get rid of the undigested 

they carry thetr ^ u ^’ 5 Up fi ^6) of the humus and vegetable matter which 
remains ( worm castings ) (see g > run down ; mo the so n at an angle 

they have taken into the body. PV ^r beins taken down vertically l 

to as much as eight feet below the surface, scarcely ev* be mg takein dow^ ^ ^ 

they end in an enlargement, where t e worm re ^ leave9 twigs, etc, In severe 
after closing the mouth of the burrow with a plug of leaves, t^g ^ ^ 

cold, as in very great heat, the worm eav . 0n( j bre d with an 

substrata; here the holes are long, usua P table m atter, also assisting Its 

excreted substance. Ear^worms consnni. j^v.g«abl. m. liqoW . 

decomposition by drawing tt into t / lhe surface, whither the animal 

The excreta are deposited for the most part at die surface, ^ conside r*ble 

usually repairs only at night. Earthwor y olaces The benefit 

damage b, destroying '.halldaSt?n the soil and their 

they do, however, is very grea • * jnt0 * he soi i „, U ch easier than it could 

numerous burrows enable air to p _ to olant life There is another 

o,h^do,«dW.lsolthe gr.n...t .m^r .nc.to pl.nthr^ ^ pISKS 

reason. Darwin has shown that a weig * . , the sur f oc o by them. 00 that 

through the bodies of earthworms, and 1 * . , r 0 , e , rl t, has pawed 

in a few years the entire humus an excellent manner for 

through their bodies. They therefore P re Po these habit., 

the growth of plants, by continuallv exposing it to the «tr. , 




PLATE V. 



Annelid «*n from 

^TTSantfT&a-* 

An E»rti-worm- 
Earth-worm casting*. 
j\ common Letch. 

Hrtd of a Leech ■bowing the month and three J««- 
One of the jaw* magnified ihowing the teeth, 

A Sur-fah Echinodem. 


[to lace page 9* 
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especially by devouring soil and replacing it on the surface in the form of excreta, 
the earthworm thoroughly mixes together the particles of the soil and thus does 
more than any other animal to promote the natural elaboration of the soil, and 
attains thereby a paramount importance in the economy of nature. When a locality 
is deserted by earthworms on account of, r.g., an inadequate supply of moisture, 
the surface soil changes and assumes a dry turfy character ; should this occur in a 
forest, natural planting, by self-sowing, ceases, and unless man interfere, the wood 
gradually becomes a moor. 


CLASS II.— UlSCOfMiORA (Leeches). 

The body is usually flattened, having sharp lateral edges, rarely 
cylindrical. The segments are externally divided each into several 
small annuli by transverse furrows, so that the number of the segments 
appears many times greater than it is in reality (r/. fig. 17). The 
posterior end of the body is modified into a sucker. Around the 
mouth there is also an adhesive disc, which in some is cup-shaped 
like the hinder one (fig, 17), whilst in others it consists of along, 
jointed upper lip and a shorter under lip. The digestive tract 
consists of three sections: the pharynx, the crop, and the rectum. 
In one group, the Gnalhobdelltdse, the pharynx is muscular, and 
furnished in front with jaws, three prominent, longitudinal, chitinous 
ridges, with teeth on their sharp edges, which work like little saws 

*? “ l J 0 !*' in the skic of 'he prey, (cf. figs. ,8, , 9)| «, 

that the fluids may be pumped out of its body by the pharynx. In 

the other division, the Rkynchobdellidat , on'the other hand, a thin 
muBcuJar tube, the probcscis, is attached to the end of the thin 

walled pharynx. It may be stretched out front the mouth and 

pointed, so as to bore through the integument of the prey. The 
crop is a straight, wide tube, which is almost always provided with a 
number of paired diverticula; the capacity of the crop and its diverti¬ 
cula allows for the taking in of a large amount of food. The intes- 
tine is narrow and opens dorsally above the sucker. 

1 he leeches are always hermaphrodite. The eggs are laid in 
chitinous capsules (cocoons), usually several together with a certain 

The yo'W ones leave the cocoons in the form of 

i “u hM ” e **" in fresh water, though 

*„ ^ ? b “ ar ' maril,e ' Some "e terrestrial, especially fo 

t e tropica, and others frequently go ashore. They are predatory or 
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are temporary parasites, sucking the blood of larger animals; some 
are stationary parasites. They creep about in the well-known manner 
by means of their suckers; but are also able to swim by serpentine 
movements of the body. 

Leeches are often a source of considerable annoyance in many 
Indian forests during the rainy months, and in moist damp places at 
all seasons except the coldest months of the year, and this is more 
especially the case in the hotter parts of the country. Areas in the 
eastern outer Himalayas on which more or less permanent grazing 
takes place appear to invariably swarm with leeches. Damp hot 
tropical forests like those to be found in the southernmost portion of 
Chittagong, Arakan, Lower Burma, Malabar, etc,, invariably abound 
with leeches. 

Phylum IV.—ARTHROPOD A. 

The Arthropodaare bilateral ly-svmmetrical, segmented animals, the 
segments being modified in various ways. The limbs are jointed. The 
dermal skeleton is formed from a well-developed cuticle (chitin). 
A body cavity is present. The heart is on the dorsal side and the 
nervous system as in Annelida. Highly specialized sight organs 
(compound eyes! are present. The segmental organs are always 
much reduced in number, or entirely wanting. 

Examples of this group are the Prawn, Crab, Spider and Scorpion 
Insect, Millipede and Centipede. 

From the forester’s point of view this is the most important, as it is 
by far the largest, of all the phyla, and wc shall return to it later 
and consider it in detail. 

Phylum V.-ECHINODERMATA. 

The Echinoderms are radially symmetrical animals, that is, a number 
of similar parts which together make up the body are arranged around 
an axis (fig. 20). These animals are usually 5-rayed, The mouth is 
situated at the lower end of the axis of the body. There is a body 
cavity, a circulatory system, and a special water circulatory system. 
The dermal skeleton either consists of numerous minute calcareous 
deposits or of hard plates. . In some the radial symmetry is indistinct 



PLATE VI. 



31. A Sea Urchin, 

32 Diagram# to explain the forn- of the body uf» Molltil 
s3T!£<~ section.)- In both : K. bo^y ; b, foot. 
(After Kitx Bon.) 

23. Characteristic Indian Molltwca A. HyfuloHama 

Ur,bra; C, Campio*yx Tktobaldt. 

24. A Slug with body drawn up. 

26. A fresh-»»ter bivalve Muwel. 

26. The Nautilua, the shell aawn through. 


A, a bivalve Molluac 
lell: tn, mantle : i. - 


L amptfr'int} 


tulnfiruiH 
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and there is a more or less distinct bilateral symmetry. Echinoderms 
move b> means of rows of tubular feet {see fig. 20). The tube feet are 
soft, delicate, usually cylindrical structures, the fore ends of which are 
either provided with suckers or rounded ; only in the former case 
do they serve as organs of attachment. The skin is often lightly 
coloured. Echinoderms are all of separate sexes. Examples of this 
phylum are the Star-fish and Sea Urchin. 

In the Star fish the flattened body consists of a disc with five or 
more arms (fig. 20). In the Sea Urchin (fig. 21), on the other hand, 
the body is sometimes almost spherical, but in most it is spheroidal 
or heart shaped ; arms are completely absent. The greater portion 
of the body wall is furnished with immovably connected calcareous 
plates some of which bear movable spines. 

[N.B .—There are a few sea urchins in which the plates are 
jointed.) 

Echinoderms are entirely marine and arc not of importance to the 
forester. 


phylum VI.-MOLLUSCA (Molluscs). 

This phylum, to which oysters, snails, slugs, cuttle-fish, etc., belong, 
includes unsegmented animals with a bilaterally-symmetrical embryo, 
while the adult may be much modified, especially in snails, which are 
enclosed in spiral shells, and also have their bodies partially coiled. The 
heart is placed in the dorsal region. The skin of molluscs possesses a 
peculiar and characteristic covering. From a definite part of the body a 
larger or smaller fold of skin, called the '• mantle,•• grows out, which en¬ 
closes a space, called the “ mantle cavityIn most molluscs this mantle 
secretes an external or internal calcareous mass. In this way a " shell ” 

case g a 2 M A ’ S , ; 23> ' V ' ,,Ch is USU4 "* This ^ the 

5 n lv h t f dlbe and common garden snails. In other cases 
(cuttle-fishes) the shell is formed inside the mantle, or it may be 

^ n C ° llec ^ ,on of caicareous granules (as in various slugs) 

‘ oT” (fi r r tv chief organ of iocomotion *• the 

. . lBg ; 241 •. Th,s ,s » v <*y muscular region of the body, covered 

the and r m " g he - r ( ° r CMW ' ing or else for digging in 

e and and even springing (bivalve molluscs). Its structure 

) . * CCQr dmg to its function. The claaes Gattropeia and 

l-tmellilranchtaia will be here considered, 
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Class I. — GASTROPODA (Snails and Slugs, Whelks, Cowries, Limpets, 

etc.). 

The greater majority of the Gastropoda, excluding the whelks, 
cowries, limpets, etc., are marine. The snails and slugs, which 
will be considered here, belong to the Pulmonata . They possess 
a head which bears unjointed tentacles and also eyes, which in 
many cases are borne on the tips of pedicels. The foot serves for 
creeping, and is flattened in a sole-like way on its under-side 
(fig- 2 - 0 * The mantle is generally small, and limited to the dorsal side 
of the animal. The usually spiral shell (fig. 23A) covers therefore on y 
a small part of the body, but the rest of the body can also be mostly 
or entirely drawn back into it. Snails possess jaws, but the chie 
organ used in attacking plant structures is the swollen tongue 
covered by a rasping plate, on the surface of which regular rows 

of teeth are arranged. The rest of the tongue consists of muscle 

and two small cartilages are also found within it. The teeth s 1 
up when the tongue is protruded, and the whole apparatus forms a 
kind of rasp, by the backward and forward movements of which the 
food is reduced to small fragments. Marine snails breathe gills, 
which are found in the mantle cavity (fig- ^kk), whilst most of the 
fresh water and all the land forms breathe by means of the inner wall 
of the mantle cavity, which thus serves as a lung. All true snai^s an 
slugs are hermaphrodite. The operculated land shells, 

Cyclostoma , Helicina , etc., are dioecius. . f . 

7 It is only amongst land snails and slugs that injurious kinds are foun - 
SpeciL of the genus Helix commit havoc in fruit culture and not .mprobab-y 

dam s?uVsTre ‘injurious to agriculture in Europe and require to be studied in 

as to prevent themselves from being completely dned 1 “£ ^ ca|d and fig. 

with body drawn up together^s^t appear* w cfaw j about during the day- 

Umr A Urge number of eggs may be laid by an individual, and these eggs are 
often able to withstand great cold and dryness- 
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Class II.—LAMELLIBRANCHtATA (Bivalve Molluscs). 


Headless. The mantle consists of two flaps, which secrete two 
shelly pieces (valves) movably united on the dorsal side (fig. 25). Tlic 
foot is usually wedge-shaped. Respiration is effected by gills placed in 
the mantle cavity, which communicate with the exterior, either by the- 
usual respiratory opening, or by a breathing tube. Most species are 
marine, but some live in fresh watr. They are of no importance 
either in the forest or in agriculture. To this class belong the 
Oyster (Osirea eduiis), the Sea Mussel {Mytilus edulis), the tropical 


Pearl Mussel ( Meleagrina mar gar it if era), the fresh water Swan 
Mussel ( Anodonta cygttea) (fig. 25), the Nautilus (fig. 26), and the 
notorious Ship Worm, Naustoria ( Teredo ) navahs, which bores into 
wood, etc. The Ship Worm is a wood-boring mollusc which has been 
known for a very long period to cause great damage to wood placed 
in tidal waters. Its life-history is as follows :— 

The Ship Worm or Teredo as it has been popularly known for many years 

■ Ufflil.tory cl Ui« Teredo. p.«. boreskol.s into timber sunk into ri,e„ »,d 

harbours within tidal areas, There are very few 
timbers which it does not entirely riddle within a few years. The molluscs 
attack the piles in company, driving elongate cylindrical holes into the wood , 
these tunnels have a longitudinal transverse or diagonal direction quite irre¬ 
spective of the hardness or grain of ihe timber. The limber is only attacked 
between low and high tide levels as the Nausitoria only lives within this limit and 
It apparently prefers the side of the pile, etc., upon which the ebb tide impinges. 
Both teak and pytnkado and also bamboos are badly attacked by this mollusc in 
Burma. Fig. 28 shows the teredo worm, the worm in situ in a piece of bamboo 
and its tunnels in bamboo and pyinkado. 

An interesting experiment recently made in Australia has shown that after a 
period of nearly seven years piles of the New South Wales turpentine wood 
(Syncarpia laurifolia) only had the sap-wood bored into about one inch, whereas 
the celebrated hard jarrah wood was entirely riddled within this period. The 
experiment was made at Port Hunter in New Zealand * 


Phylum VII.—CHORDATA or VERTEBRATA. 

Bilate rally-symmetrical animals with certain parts of the body, such 
as the skeleton and musculature, segmentally arranged, Usually two 
pairs of limbs, never more, are pre sent. There is a body cavity and a 

* Indian Bngin**ring t 1904 , — 
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ventral heart. The central nervous system is in the form of a con¬ 
tinuous thick-walled tube along the dorsal side, generally enlarged 
anteriorly. Examples of this phylum are the lish, frog, lizard, bird, 
mammal. 

This phylum is next in importance to the Arthropoda and will 
be considered in detail later on. 


The following table shows shortly the position of the various 
groups of animals we have shortly considered in the Animal King¬ 
dom :— 


P 

Unic 


r- 

rozoA. 
ar Animals. 
' maet’a. 


ANIMAL KINGDOM. 

I 

\ 


Metazoa. 

Multicellular Animals, 


r- 

Cfl'LENTE RATA. 

A simple digestive 
cavity. 

Ex. Hydra, 
Coral, Jelly-fish. 


J_ 

CCELOMATA, 

A body cavity In addition 
to digestive cavity. 

Ex* Worms, Leeches, 
Arthropods, Echino- 
dermsp Molluscs. 

Yertebrata. 






Chapter II. 


SYSTEMATIC EXAMINATION OF THE PHYLUM 

ARTHROPODA. 

The Arthropoda are bilaterally-symmetrical, segmented animals, 
the segments being variously modified . The limbs are jointed\ 
The dermal skeleton is formed from a well-developed cuticle 
{chttin). A body cavity is present* The heart is on the dorsal 
side and the nervous system is situated along the ventral one. 
tghly specialised sight organs {compound eyes) are present. 

Classification of the Arthropoda. 

The Arthropoda are divided into two groups according to the 
nathre of the respiratory organs present S 

I. Breathe by gills, lungsacks (or occasionally trachea of a special kind). 

1. Elongate, cylindrical tracheae of a special kind Class. i.—Omvcho* 

2. Have antenna, and breathe by gills . . . Class a.-CRus^cs^ 

3 . Have no antenna . . , rUwm . C A ’ 

ir Rro.ik. l. . .. «... class 3 .—Arachnid*. 

the by trachea which are developed from dermal glands. 

1. Genital openings typically at posterior end of 

abdomen; Utter without appendages . . Class 4— Insicta. 

2 . Genital opening not far from anterior end of 

body; abdomen with appendages . . . Class S*-Mvr IA poda. 

Class k— Onychophora. 

anD „'' s diV !r n '"I 1 "' 1 ' 3 “h the g'””* Perifatus. I n external 

S g r C and t S ,i n “ r n, ° S ‘ U , ke C4tWpi,,arS - Thc Wr « 
»ti«"„"sr!ra;l d 0 f^, slrea ’r d At at ' d e 

eyes. In the mouth there is a" pair ?“ ?L *“ d *« pa>r ° f S,m P Ie 

Thp r^et- .ni.L . e is a pair of jaw-like mastioatory organs 

a oair of ind* r consists of similar segments, each of which bears 

alimentary canid Stumpy limbs - ' ndin g >“ ‘wo daws. The 
—", 7 a nal COn,Bb ° f » *■*»«■>* tube and .h. anus lies at the 

**’ “ * "" ^ «■««™.U, icdnreil i. Arttao^ 
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posterior end of the body. The respiratory organs consist of a well- 
developed system of air-carrying tubes which ramify in the body and 
open upon the surface in many delicate irregularly distributed 
respiratory apertures. The sexes are separate. The presence of these 
air-tubes is the reason for alluding to these animats in this work. In 
these tubes we see the first development of the tracheae of the insect. 

These animals live exclusively in warm climates in both Hemi¬ 
spheres, in damp places, In rotten wood, etc. It is not unlikely that 
several species at present unknown exist in Indian forests. 

Class 2.—Crustacea (Lobsters, Crabs, etc.). 

The members of this class are commonly known as Crabs, Lobsters, 
Shrimps, Prawns, Barnacles, Woodlice, etc. They arc nearly allied to 
the next class (the Spiders and Scorpions), but are distinguished by 
being adapted to an aquatic life, by having jointed appendages on 
the hinder segments of the body (abdomen), by the possession of two 
pairs of antenns, and by the eyes being carried on stalks. As a class 
the Crustacea are distinguished by being usually furnished with 
branchiae or respiratory organs adapted for breathing air dissolved 
iii water, by having more than four pairs of legs, and by possessing a 
well-developed chitinous external skeleton. They also pass through a 
metamorphosis before reaching the adult stage. The body of a typical 
crustacean is composed of lwen(y~one distinct segments or somites 
placed one behind the other. These segments are distributed nr 

three distinct divisions, known respectively as the 1 head, the 
“ thorax, 1 ' and the “ abdomen ” cr tail. In very many cases, however, 
as e.g., in the lobster and prawn (fig. 30), the fifteen segments belong¬ 
ing to the head and thorax are amalgamated together into a single 
mass termed ‘the " cephalothorax” (fig. 30). thus leaving six segments 
for the abdomen. Each segment may be regarded as composed of 
a convex upper plate and a flatter ventral arch, and each may support 
a single pair of appendages. A certain number of the appendages on 
the anterior segments may be converted into masticulatory lorgans, 
biting jaws, and subsidiary jaws. A common crab has these parts. 
The cephalothorax here is covered by a great shield or carapatf 
under which the gills are placed and the eyes are carried upon long, 

movable stalks. 



ruu vnt 



39. 

30. 

ai. 


A. arm of man; B, foreleg of Jog- ,.1 t,:, ,r . i l,„^ 

*• ulna ; o, carpus; «, metacarpus ** phafonL * hU!nCrU * : '• radl - 

A Cray-fish, 

An Indian Scorpion (.fewpfe *m*mn,ertlamt); a , po«!-anal poison spine. 

rto face 17, 
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The Crustacea form an extremely large group of animals divided 
into many orders. They are, however, of little importance to the 
forester. 

Class 3..—Arachnida (Spiders and Scorpions). 

This class includes the Scorpions,Spiders, Mites, and Ticks, and it 
nearly related to the Crustacea, from which its members are distin¬ 
guished by being strictly land animals, so that when distinct breathing 
organs are present, they are never in the form of gills, but always either 
lungsacks or air-tubes {trachea ?}. None of this class have ever 
more than four pairs of legs and the segments of the abdomen never 
carry locomotive limbs of any sort. The eyes are sessile and are never 
supported upon stalks; the antennse are converted into jaws or 
pincers (fig, 31) ; and the head is always amalgamated with the thorax 
so as to form a cephalothorax. The body is usually covered with chitln, 
but the skin at times remains soft. The mouth is situated at the 
anterior portion of the body, and in the higher forms is furnished with 
a pair of prehensile jaws, called mandibles , a pair of' chewing-jaws, 
called maxtll&t and a lower lip. 


Order.—Scorpionid^e (Scorpions). 

In the scorpions an upper lip is present as well. In both 
scorpions and spiders a stinging apparatus is present. In the scorpion 
the abdomen is divided into five segments and is continued into the 
cephalothorax without any well marked constriction. At the hind 
en of the body is a hooked apparatus furnished at the base with 
a poison gland (cf. fig. 31, a). It is with this that the scorpion stines 
and the poisonous fluid often has painful and dangerous effects, a cure 
for which is to rub in vinegar hard. 


Order,—Arachnids (Spiders). 

soft ^W* P lfT (fi .f' 33) ’ on the other hand, the abdomen, which is 
« ' * 'j* to ***6 cephalothorax by a constricted stalk or neck 

terminates in a shar P* movable hook, perforated by a 

By“s rr icat - 9 with a pois<m g,and situated near its 

they capture, h P ° l8 ° n app ^ atus s P lders such animals, as 

Pig. 3* shows the spider ThcUssius Phiptoni found in the Bombay PmWeney. 

C 
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ORDER.—ACARIDEA (Mites, Ticks). 

The mites and ticks are small arachnids in which the abdomen Is 
amalgamated with the cephalothorax to form a single mass (fig. 33). 
The mouth parts are adapted for piercing and suckingi but some mites 
have biting mandibles. 

Family.— Acaridss (True Mites). 

The skin is soft. No tracheae; no eyes. Legs short, often with a 
sucker at the end (fig. 33, mag.). Many of the mites are parasitic. 
To this family belong the Cheese mite, Meal mite, the various Itch 
and Mange mites of man, horse, dog, pig, sheep, ox, fowl, etc. 

Family .—Ixodutas (Ticks). 

Ticks (fig. 34, mag.) are generally rather larger than the mites of 
the last family. The skin is tough as leather. The front part of the 
body is covered by a hard shield above ; the skin of the hinder part, 
though tough, is very extensible. The front end bears a sucking 
apparatus formed by the pointed jaws, and by its means the tick 
pierces the skin of man or animals and holds on fast. 

Ticks are chiefly found in sandy soil, amongst bushes and shrubs or among 
herbs. As long as they remain on the ground they are tolerably small (^ inch) 
and very active. They creep up haulms and branches and rest in a suitable spot 
until a bird or mammal passes, when they attach themselves by their legs to its 
feathers or hair and bore into its skin with their sharp mouth parts. Having thus 
fixed themselves, they suck the blood of their temporary hosts. The walls of 
the stomach and intestine are exceedingly elastic, so that the tick swells till it 
becomes the size of a pea or even bean. When the tick has sucked itself as full 
as possible it withdraws its mouth parts from the skin of its host and lets itself 
fall to the ground, where it lies for many weeks without feeding. The small and 
feeble legs are notable to move the heavy, blood-filled body until the blood has 
been digested. Only the female acts in this way, l he male is much smaller and 
never seems to attack mammals ; its food is unknown. The presence of a large 
number of ticks on an animal is a serious matter, as they absorb a large amount of 
its blood; sheep and cattle daily attacked become thin. The dog tick also 
attacks man and will be found more especially prevalent in undergrowth. 

FAMILY ,— Gamasidoe (Beetle Mites). 

These are temporary parasites on beetles, birds, and reptiles, 
l^arge beetles if looked at beneath, especially at the junction of the 
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segments, will be seen to have minute mites on them. These are the 
beetle mites. 

The fowl mite (DermanjrssHs gallinm) belongs to this family. It is about the 
si*e of a grain of sand and red or brown in colour. It lives on the fowls during 
the night hiding during the day on the perches or in nooks and crannies of the 
fowl-house and also in dung. The miles draw blood from the fowls producing 
Itching and want of sleep* the result being that the birds grow very thin. 


FAMILY. ^Trombtdiid^ (Running Mites), 

Body four-cornered or longish oval ; legs tolerably long, hairy; 
jaws claw or needle-shaped; surface of the skin velvety; colour 
reddish or yellowish. These mites run about with great rapidity on 
the ground, tree trunks, leaves, etc. Most species feed upon the juices 
which they suck from insects or from other arachnids. 


Plant mites are often found in considerable numbers during summer, especially 
T . oi t . _ . or * the under-side of leaves and low growing 

{i*t**njchvt tttariui). plants* Occasionally they increase to such an 

extent as to prove a serious pest* They mostly 
remain fixed to the trees, sucking the sap. The so-called “red spider'* of tea is 
one of these mites* It is ovoid, about one-fiftieth of an inch long ; reddish (also 
yellowish or brownish) with a dark spot on each shoulder. The male and female 
are shewn, much magnified, in figs. 35 and 36, 1 his mite commits a considerable 

amount of damage by sucking the sap from the young leaves and shoots and thus 
killing them and greatly diminishing the leaf area, and consequently the annual 
outturn from the garden. 


C $ 
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Chapter III. 

Class 4.—Insecta. 

True insects are distinguished from the other arthropods by the 
fact that the three divisions of the body—the head, thorax, ami 
abdomen—are always distinct from one another; there are never 
more than three pairs of legs in the adult, and these are borne upon the 
thorax; the abdomen has no locomotive appendages {cf. fig. 37). 
Respiration is effected by means of air-tubes or tracheae, and in most 
insects a pair of wings are developed from the back of the second 
and third segments of the thorax. 

Characteristic Features if Insect Life. 

Insects form by far the larger part of the animals of the world; 
the number of species of insects is greater than that of all the rest of 
the animals of the earth. Owing to their small size they have been 
little studied and little is known either as to the number of species 
at the present moment living on the surface of the earth or on the 
subject of the habits of the greater number of the known species. The 
largest insects are scarcely bigger than a mouse or a wren, while the 
smallest are almost or quite imperceptible to the naked eye; in spite 
of this the larger part of the animal matter existing on the lands of 
the globe is probably contained in the form of insects. In the waters 
of the globe insect life is by no means so numerous. It practically 
only exists in any numbers in small collections of fresh water and then 
it may be for only a portion of the existence ; in the larger bodies of 

fresh water insects live on the edges only and they are almost absent 
from the oceans. 

Some insects form organised societies, a thing done by few 
other animals save man. We shall consider these later on> 

» 

External Structure of an Insect. 

The 1 ntegumeni in insects is more or less hardened by the deposi¬ 
tion on it of a horny material, called nhitin, and the body is deeply cut 
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into segments (hence the name " Insect” from the Latin insectus , cut 
into). This chitin is usually regarded as an exudation. A film is poured 
out over the insect from the cells which secrete it; the film is at first 
soft and then hardens. Chitin does not grow or scale off. As arthro¬ 
pods grow in size they throw off their whole chitirtous outsides. I his is 
called moulting or eedysis. There are never more than two layers of 
chitin on an insect at any one time. When the under layer has fully 
developed in size it is larger than the outer one and the latter is 
then thrown off. Chitin extends into orifices. About one-third of the 
anterior and posterior part of the gut is lined with chitin. 

The head in insects is composed ot several segments amalgamated 
together, and carries a pair of jointed feelers or antennae, a pair of 
eyes, usually compound, and the appendages of the mouth (figs. 37 a 
to e ; 38). T he head consists of three main definite areas: the 
epicranium, clypeus, and gula (figs. 38, 39, a, d, i). The clypeus 
is situated on the upper surface of the head-capsule in front ; it 
bears the labrum (e), a sort of flap forming an upper lip. The labrum 
is usually possessed of some amount of mobility. The clypeus 
itself is excessively variable in size and form. The gula (see fig. 39 ,') 
is a piece occupying a longitudinal and median position in the upper 
surface of the head; in front it bears the mentum (k) and extends 
backwards to the great occipital foramen (j). The epicranium forms 
the larger part of the head and is consequently most variable in 
shape and size ; it usually occupies the larger part of the upper surface 
and is reflected to the under surface to meet the gula. The epicranium 
bears the antennae. There is always a gap in the back of the head 
for the passage of the alimentary canal and otner organs into the 
thorax ; this opening is called “ the occipital foramen ” (fig. 39B, j). 

The thorax is composed of three segments—the prothorax, meso- 
thorax, and metathorax (fig. 37, f to h) ; the last two are usually 
immovable and united together, the prothorax being free and 
separately movable. Each division of the thorax has an upper 
region, called the notum, a ventral one called the sternum, and 
on each side a lateral region called the pleuron. These regions on 
the different segments of the thorax are distinguished by joining 
to their names the prefixes pro-meso-meta. Thus in the prothorax 
the dorsal surface is called the pronotum, the ventral the prosternum 
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and each of the two sides the propleuron. Each of the segments of the 
thorax carries, in the perfect insect, a single pair of jointed limbs (37, 
h to p), so that there are three pairs in all. To the back of the two 
hinder segments of the thorax, in most insects, there are also at tac hed 
two pairs of wings (fig. 37 r , s). In their typical form the wings are 
membranous expansions supported by more or less numerous hollow 
tubes, known as the “ nervures.” One or both pairs of wings may be 

I"* 1 T here b ° th are P resent > th « anterior pair may be much 
modified by the deposition of chitin in them. We shall consider this 
peculiarity later on. 


r „^ abd ,° mcn in insects is properly composed of eleven segments 

and ^ U5 y t m ° re or less freely movable upon one another 

and which never carry locomotive limbs, as is so commonly the case 

in Crustacea. 1 he extremity of the abdomen is, however often fur 

cricket pr<,cesses k ” owo as ««i (present in the 

cricket cf. fig. 49), or other appendages which are primarily connected 

at ut 

exserted - ovipositors®'' s^tf £££,'Wsens 

withi “ r 

LTr“c^ni'i'ble 0 ter™“ h Zl FT\ Tw ° ehW '^ s 

whtch .Sthe simplest form, Li !!./'■ „-.J Tiq * y . . or b,l,n S 
parts; insects fitted with th» fi- * c 1 Ct ° , or sucking mouth 
those provided with the <=' u- * ? Cd U * > °* 1 iard sq bstances, whilst 

The bitinV mol T* *"* «“ 

Neuroptera, and Hymenoptera and °* derS ° rtho P tera > Coleoptera, 
in which the following orL« * * S See ” t0 l >erfcct,on m the Beetles, 
(0 An ? g ° rgans are P r «ent (cf. %. 4o A, B) — 

of the head and is h 1S attached below the front 

pair ef I.V brMd ' ««'vabl e plate. 

piece. tL7‘T ° r f ma ” dib '« consisting each cf a single 

pair .a .l • . sur ( ace farms the cutting edge. 

P . hewing-jaws or u first maxiII^ M nrm/ i i • * 
jointed filaments „ilj a.*. maxilla provided with 
maments, called the "maxillary p,| p j." Thu 


(2) A 

(3) A 



24 


A MANUAL OP ELEMENTARY FOREST ZOOLOGY. 


maxilla consists of six to eight joints, of which the basal 
(cardo) is short, the second (stipes) large, and produced 
into two long lobes, the inner (galea) being usually fringed 
with stiff setae along its outer edge, the other (lacinia), 
in several forms, consisting of two joints. The rest of 
maxilla, consisting of 4*6 joints, forms a curved palp. 

(4) A lower lip or “labium,” the second maxillae, which also 
carries a pair of jointed filaments known as the “ labial 
palpi.” The second maxillae are similar to the first, but are 
distinguished by the fact that the two cardines are always 
fused to form a single plate, the mentum ; the stipes, too, 
are more or less completely fused and the lobes are often 
considerably modified as compared with the first maxill® 
and called glossae or paraglossae ; the palps are like those o 
the first maxillae, but never consist of more than four joints. 

In the typical suctorial mouth, as seen in Butterflies and Moths 
(fig. 4O, the following is the arrangement of parts. The upper ip am 
mandibles are quite rudimentary; ' the first max, 11 m are greatly 
lengthened, and form a spiral tube fitted for sucking up the ju.ces of 

(loners; and the labial palps are much developed, and form two a, ry 

cushions, between which the trunk can be coded up when not 

In many insects the organs of the mout , w i s c ), 

adapted for suction, are also adapted for piercing solid subs,a "“ S ' '° 
as the shin of animals or the stems of plants. In these the lower 
lip forms a kind cf sucking-tube orsheath, within w ic » re 
th P e first maxillae and -ndib.es, which^ are modified^ ash, fo ^ 

piercing organs or lancets (ng* 4 -)* - 

'bugs, plant lice and scale insects (Order Hemiptera). 

In the common Bee we get a biting mouth and su g 

combined. The mandibles or "* .^“fubutor trunk 

honey-comb to be manu acure , a l n the Butterflies, 

fitted for sucking up the juices of flowers (fig. 4 )- suction, 

also in which the mouth of the adult is strictly adapted for suction, 

the caterpillar is furnished with a biting mouth, so that 
upon leaves, wood, and other solid substances. h 

From the head arise a pair of antenna or feelers j** 37 \ nmbeT 
either consist of a few well-developed joints, or of a la g 
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of very short ones. The form of the antennae is very varied (c/. fig. 
43, A to H); at the simplest they are filiform or bristle-like, but they are 
sometimes moniliform, t>., are much constricted at the joints; or they 
may be pectinate, the joints being produced on one or on both sides 
(in the latter called bi-pectinate) into processes, serrate, or various 
forms of clavate (club-shaped), the club, when consisting of long 
joints on one side, being called lamellate. The antenna is some¬ 
times elbowed or geniculate as seen in the Stag Beetle and various 
Bark Beetles. These variations in form of the antenna? are important, 
as divisions of the orders are at times based on them, as we shall see 
under Coleoptera, etc. The other appendages of the head are the 
vyes. These may be compound (fig. 37 c) or simple (d). The com¬ 
pound eye is composed of numerous six-sided lenses, united together, 
and each supplied by a separate nervous filament. From 20 to 
as many as 8,ooo of these lenses have been counted, the latter in one of 
the eyes of the common Cockchafer Beetle, and this number is some¬ 
times greatly exceeded. Besides the compound eyes there are 
sometimes simple eyes, identical in structure with the single lenses of 

the compound eyes; and in rare cases these are the only organs of 
vision. & 


The appendages of the thorax are the wings and legs (fig ™ r s 

“ d v k ‘°/> The two P? ira of m *y be identical in form or they 
d ' ff " fro “ o” anot | ier both in sire and consistency, the uppe^ 
being hard and horny and serving as a shield or ‘elytra' for the £ 

S 7h are the " fold ' d “ P betw ““ them and the body. During 

^ tbal 

look like a wingless insect fee *g. T 3 o)7tt««°e$£ "ta 

Koai P To^rtii„t:. th v u r er winss ,o * 

other pair over whirl, »■. i" g - * 50 dlff ' r *" consistence from the 
pair over which they l.«repose, and are (</ 
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52. 53, 59)- I' 1 the Order Hemiptera a portion only of the upper 

wings may be horny, the apical part and the lower wings being 
membranous {cf. fig. 294). There are other insects in which the wings 
exist in a more or less rudimentary condition and are never used 


for flight {cf. fig. 56). 

The other appendages of the thorax are the legs. The leg is 
divided into the following parts {cf. fig. 37 k to p.) : coxa, trochanter , 
femur , tibia , and tarsus ; each of the four first consists of a single 
joint only, while the tarsus has generally several joints. The coxa and 
trochanter are usually short, the coxa being the joint which joins the leg 
to the body, the femur and tibia long, the former being thicker than the 
latter ; at the lower end of the tibia there is generally a movable pair 
of spines (spurs). The tarsus in many insects consists of five joints 
or the number may be fewer, and we shall see later on that the 
Order Coleoptera is divided up into divisions by the number of 
tarsal joints present in the insects of the order. The tarsus usually 

bears at its tip two movable hooks, the claws , THe legs are true 

locomotive organs; in walking the animal rests on the lower side of 
the tarsus, which is often hairy ; in the first pair of legs the foot is 
forwardly directed, in the last pairs backwardly. In many forms 
the legs or some of them have other functions save those of walking 
only The first pair in the Cockchafer serve not only for 
walking, but also for digging; in others the legs are so modified 
for use in a special way that they have lost their true function, 

te that of walking. The first pair oflegs in the male Cncket, for 

instance, is only used for digging, the same pair in Water-scorpion, 
for organs of prehension, the last pair in the Locust form a spr.ng- 
ing apparatus, whilst in Dytiscus it is used for swinun.ng 


P The other external organs of the body to be noticed ate a series of 
auertures used for the admittance of air to the respiratory system 
placed along the sides of the body of the insect. They are usually 
quite visible in the larva, but more or less concealed m the perfect insect. 
They ire called - spiracle," or "stigmata (flg. 46)." They vary m 
size. The largest are to he found on the prothorax of a Cerambycid 


The anal appendages have been already considered. 
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Internal Structures. 

Muscles.-— The muscular system of Insects is very extensive. The 
structure of the muscles does not differ much from that of vertebrate 

animals. The force brought into play by the contractions of Insects’ 
muscles is very great. 

3 - Digesttve . The mouth in the biting insects leads into a mem¬ 
branous and often folded cavity {cj. fig. 44), termed the "crop” by 
way of the oesophagus or gullet, a ; from this the food passes to a second 
muscular cavity or « gizzard.” The gizzard Is adapted for crushing the 
food and often has plates or teeth of chitin developed in its walls It is 
succeeded by the true digestive cavity, which is termed the “ chylific 
Stomach. This stomach consists of two parts, an upper wider portion 
and a lower narrower portion. Below this there is an intestine 
of variable length. The commencement of the gullet is furnished with 

fnto^ ap . pei ' dageSl wh,ch t^form the functions of salivary glands 
Into the intestine open a variable number of convoluted tubes 

which are known a s the '■ Malpighian tubes," after theft discover 

f ^auction like the kidneys of higher animals. ' 

by a lo^g "r ° ut 

“Dorsal vessel or heart (fig. 45).-' The bleed collected fret ‘t heTat'““ 
tissues and organs of the body enters the dorsal vessel 
is driven forward to the anterior extremity of the body The i , 
lms in a spacious cavity, the fericrdL, (fig . ° £ Vr J elrt 

r the4ie( ^ 

tracheae which commence at the surface b * means of a,r_tubes or 
or spiracles, and branch repeated^ a- b> * number of apertures 
the tissues. They have the saine structureT'^ thr °“ gh 

consisting of membranous tubes strength , , ,n ^ r< ichntda, 

coiled filament of chitin. The trachel arl^ V ° f 3 s P lra,, y 

and other organs. Fig. 46 shows - * pro cmged into the wings 
thorax exhibiting the tracheal on. ■ ,ransvcrse section through the 
tubes prolonged i„to thc ,viis nSS °“ e either sidc a " d «* 

2* A —-The nervous ova^m : 
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versed in front by the gullet. There is an enlarged cerebral ganglion 
in the head (fig. 45 c, n). The organs of sense are the eyes and 
antennae, which have been already described. The feelers or antennae 
are attached close to the eyes. They appear to bn certainly organs 
of touch, but they may be connected with other senses as well, and 
especially with that of hearing. 


£ xcyeto ^'.-““The Malpighian tubes (already mentioned) are 
delicate unbranched, highly-coloured, white, yellow, brown, or green 
tubes opening into the intestine (fig. 45) ; they are usually only few 

in number, four to six, when they reach a considerable length ; in the 

Hymenoptera and seme of the Orthoptera, however, there is a much 
larger number of shorter tubes. These constitute the excretory 

apparatus. 


7. Reproduction. —The sexes in insects are distinct and most of 
them are oviparous. The reproductive and gut organs are distinct and 
open separately on the external surface. Generally speaking, the 
young insect is extremely different in external characters from the 
adult and it requires, before reaching maturity, to pass throug a 
series of changes which collectively constitute what is called " metamor- 
nhosis ” In some insects, however, there is no metamorphosis, and in 
£“eV changes which take piace are .ess compicte than ,n others 
This character is made use of in the classification of insects. The S 
possesses a pair of ovaries (fig. 45)- At times the posterior end of the 
abdomen of The % is modified in some way to asstst m £ 

s e.l , the ovipositor oi the locust consisting of complicated knife 
like or dagger-shaped blades, or there may be a sting as in Hyman- 
ontera Ir/fig. 96) on Ihc last abdominal segments, which ate tte» 
thin and elongate; or the last few segments may be telescoped and 
eive in this capacity, as in Diptera and others. Many speems o 
insects are remarkable in that a large number of tnd,v.duals rem 
sterile throughout life, and thus take no part in the propagation of the 

— « eenerally incomp.teiy 

" r The Occurrence oTsJch"sterile individuals is associated with 
the fact that these insects live in colonies and are social. T e care o 
the young is relegated to these sterile insects. 
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Exceptional Phenomena .—'The following terms require explana¬ 
tion t— 

Parthenogenesis (Lat. parthenos, a virgin ; and gignomat. to 
be born).—Means the production of new individuals from 
virgin females by means of ova without the intervention of 
the male. 

Alternation o f Generations .—The alternation of a parthenogenetic 
generation with a true sexual generation— 

Mimicry ,—When an animal counterfeits the shape, colouring, 
etc., of another, whether for protective or other reasons, it is 
said to mimic it. 

Metamorphosis.—The abrupt changes of form which certain 
animals undergo in passing from their younger to their fully 
grown condition. 

Metamorphosis may be complete or incomplete. Metamorphosis 
is said to be complete when the larva and the adult are entirely 
unlike one another and the larval stages exhibit, externally, no gradual 
approach to the adult form, and also—and this is the most important 
characteristic—that between the larva! and adult stages a special period 
of probation intervenes, called the pupal stage, during which the animal 
does not feed and is generally quiescent. During this stage the series 
of changes which turn the larva into a butterfly, beetle or other mature 
form take place, and this form issues generally by throwing off the 
pupal skin. The stage of larva, pupa, and imago passed through by the 
beetle Dinoderus minutus, the bamboo shot-borer, (shown in fig 

4 f. a t an , exam P le of this - The larva, however, is com¬ 

pletely different in form,* compound eyes replaced by a group of ocelli • 
antenn* short and consist of few joints; mouth parts consist of a 

tP p ^ atuS .* Iegs short, and with fewer joints and more uniform 
l"JVj: nES “ bSC "i ! th ° ra * Urge, nervous 


adult 

case 


? ,OLUSl ‘ ln other aspects the differences are slight 
, ° f J ° mtS ? , thc antenn * may be fewer, the head relatively 

larval stage'tt/th “ d S ° ° D * The ~on the fij 

larval stage to the adult occurs gradually; wings begin to appear, 
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small at first but increasing with each moult, until they are perfect 
after the last one. At the same time the other portions of the body 
have attained their definite form [cf, fig. 49 b, c > ffiis can he 
easily traced in the case of the common Indian locusts and grasshoppers 
and in the field cricket Brachytrupes achartinus (fig. 49 )- In others, 
however, the changes in form are much greater, attributable to differences 
in habits These changes are well marked in the Dragon-flies which 
are aquatic as larvae and terrestrial as adults: in the larva: of these 
forms the tracheal system is closed and they breathe by means of 
tracheal gills. In these the ordinary opening of the trachea: is closed 
by a membranous appendage with a large surface and the larva obtains 
its oxygen from the water by endosmosis; in the adult, on the 
contrary, we have the usual tracheae; at the last moment these special 
modifications disappear and with the fully developed wings growth 

C ^Geological Reco rd .—Although insects have been inhabitants of 
the earth for a very long period, the record of. their former P«sence 
is as vet a very imperfect one. The remains of creatures that can 
be referred to the class Insecta have been found, it is said, in Silurian 
strata - only one or two of these very early forms are known, and they 
wereTwinged. In the strata of the Carboniferous epoch numerous 
Tnsects have been detected, both in Europe and North America. In 
the more recent rocks insect remains become comparatively numer¬ 
ous, and in the Mesozoic strata forms that can be satisfactorily referre, 
to existing orders have been found. From the evidence of the Ter¬ 
tiary Rocks it is concluded that insects were more numerous in 
specie^ at t'hat time than at the present day. In these rocks the 

nresent day gall-making insects have been found numerously and their 

galls as well It may be mentioned that fossil insects.*“£‘perfect 
termined from their wing remains, which are often surpr gyp 

Classification. 

The erreat groups of Insects are called Orders, and nine of these are 

though two of thorn will bo btuemor. than men- 
tioned. The classification of these orders depends on 

(il the nature and number of the wings present ; 

(a) the form of tho mouth parts, whether biting, auck.ng, or both , 


r * - 
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(3) the nature of the metamorphosis, whether complete or in¬ 
complete 


Orders. 

t. Aptera (a, without; pteron , a wing—wingless insects' 1 ). 
Mouth mandibulate (biting) or very imperfectly suctorial 
Metamorphosis incomplete. 

2. Orthoptera (orthos, straight ; pteron, a wing—straight- 
winged)* Four wings are present, the front pair being 
coriaceous (leather-like), usually smaller than the other 
pair, which are of more delicate texture, and shut up in 
repose after the manner of a fan. Mouth mandibulate. 
Metamorphosis incomplete. 

3 Neuroptera (neuron, nerve; pteron, a wing—net-winged). 
Four wings of membranous consistency, frequently with 
much net-work in them ; the front pair very little, if at all, 
harder than the other pair; the latter with but little or no 
fan-like action in closing. Mouth mandibulate. Meta¬ 
morphosis complete. 

4. Hymenoptera (humen, membrane; pteron, a wing—joined 

winged). Four wings of membranous consistency; the 
front pair larger than the hind, which are always small 
and do not fold up in repose. Mouth mandibulate, some¬ 
times provided also with a tubular proboscis. Meta¬ 
morphosis complete. 

5. Coleoptera (koleos, sheath ; pteron, a wing-sheath-winged). 

Four wings, the upper pair shell-like in Consistency, and 
forming cases, which meet together ovey the back in an 
accurate line of union so as to entirely lose a wing-like 
appearance, and to conceal the delicate membranous hind 
pair. Mouth mandibulate. Metamorphosis complete. 

6. Lepidoptera'(lepis, scale; pteron , a wing—scale-winged). 

hour large wings, covered with scales. Mouth suctorial. 
Metamorphosis - complete. 

All wingless insect* do not, however, (nil within the limits of this Order. 
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7, Diptera (dis t double ; pteron t a wing—two-winged). Two 

membranous wings. Mouth suctorial, but varying greatly. 
Metamorphosis complete. 

8, Thysanoptera ( thusanos, fringed ; pteron , a wing—fringe- 

winged). Four very narrow fringed wings. Mouth im¬ 
perfectly suctorial. Metamorphosis incomplete. 

9, Hemiptera ( hemi , half; pteron a wing—half-winged) Four 

wings; the front pair either leather-like with upper 
portion more membranous or entirely parchment-like or 
membranous. Mouth perfectly suctorial. Metamorphosis 
incomplete. 

It must be borne in mind that numerous exceptions exist to these 
characters in most of the great Orders ; for instance, wingless forms 
are not by any means rare in several of the Orders. 

The next chapters will be devoted to a detailed description of these 

Orders. 
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Chapter IV. 

Order I,— Aptera. 

Small insects with a weak outer skin : 3 pairs of legs, no wings, 
and long or moderately sized antennae. They are the most primitive 
forms of insects. The order includes the suh-order ThysnnurtZ to 
which the common so-called fish-insect of India, a species of Lefiisma, 
belongs (fig. 50). Some of the Thysanura live under the bark of 
dried and decaying trees or in decaying wood. More rarely, as in 
the case of the fish-insect, they prefer warm and dry localities. The 
fish-insect is well known in India and perhaps commits most damage 
in libraries and to pictures, although it will feed upon all sorts of sub¬ 
stances. In the case of pictures the fish-insect feeds upon the 
saccharine material used in mounting the picture. Such should 
always be mixed with arsenic, or naphthaline powder should be dusted 
over the picture back. Book cases should be finely powdered 
with naphthaline to preserve the books, and record rooms could be 
with advantage always treated in this way. 

Order II.— Orthoptera. 

Insects with mouth parts conspicuous, formed for biting, the four 
palpi very distinct, the lower lip longitudinally divided in the middle. 
The upper wings of parchment-like consistence called “ tegmina ” ; in 
repose they are closed on the back of the insect so as to protect it and 
the lower wings {ef figs. 52, 53, 59) ; the latter of more delicate con¬ 
sistency, large, and furnished with fan*like nervures, intersected by 
smaller cross ones, joining together and forming a net-work in the 
wing («/. tig. 55) ; they are generally covered over in repose by the 
upper wings. The mode of growth of each individual is a gradual 
increase of size, the wings being developed during the last moults it 
the metamorphosis is incomplete. Species m which the wings' are 
absent or rudimentary are found in the order. 

The Orthoptera are insects of comparatively large size, and some of 
the largest of ex.sting insects belong to the Order. It include, 
earwigs, cockroaches, praying-mantis, stick-and-leaf-insects. grass¬ 
hoppers, locusts, and crickets. 

f 
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The insects often spend some time in the egg stage. The wings 
are never present when the larva is first hatched, but appear subse¬ 
quently and increase in size at the moult ; the form and proportion of 
the segments of the body, especially of the thorax, undergo much 
change ; changes in colour occur at the moult and the integument 
becomes harder in the adult condition. 

Many of the Orthoptera do not possess wings fit for flight and 
flight appears to be of minor importance in the Order ; in many cases 
where the wings exist they are purely musical organs and are not of 
any use for flight. The front wings, which are hard and of parchment¬ 
like consistency, are never used for flight. The musical powers of the 
Orthoptera are confined to the Saltatorial group of the families ; the 
Cursoria are dumb or nearly so. In this latter series the wings have 
little value for flight and are simply used for purposes of adornment or 
concealment, especially in the Phasmidae and Mantidae. Here the upper 
wings frequently exhibit a great resemblance to vegetable structures, 
such as stems, leaves, etc., {cf. fig. 58) the veins and shape of the leaf 
being copied with remarkable accuracy in the upper wing of the insect. 
Contrary to the usual conditions in insects, the ? is often more 
remarkable than the 6 in colouring. The musical powers are, ho,v- 
ever, always found in the <$ and serve doubtless for attracting the ?. 

The eggs of the Orthoptera are deposited in capsules or cases 
r c f fig_ 57} ; these capsules may contain only one egg or a great many. 
The species existing is now estimated at 10 >00, but this is probably 
far under the number, as the small tropic;'-! forms have never been 


properly collected. 

We shall treat the Order as comprising seven families: — 

Forfuulidx (Earwigs).—Upper wings short, 
lower wings complexly folded ; body armed 
at the extremity with a strong forceps. 

2. Blattidss (Cock roaches).—Cox* of the legs 
large, exserted, protecting the lower part of 
the body. 

3. M ant ids (Praying Insects)—Front legs very 
large, raptorial, armed with spines. 

4. Phasmidx (Stick Insects).—Mesothorax large 
\ as compared with the prothorax. 


Series Cursorta: 
hind legs but 
little different^ 
from the others. 
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Series Saltatoria: 
hind legs elon¬ 
gate, formed fori 
leaping, their 
femora usually 
thickened. 


5. Acridiid a? (Locusts).—Antennae short, not 
setaceous, of not more than 30 joints j tarsi 
three-jointed. 

6 . Locustidse (Grasshoppers).—Antenn* long, 
setaceous, composed of a large number of 
joints; tarsi four-jointed. 

7. Gry Hides (Crickets).—Antennas very long, 
setaceous; tarsi two- or three-jointed. Outer 
part of upper wing bent over and folded verti¬ 
cally against side of insects. 


Series.— Cursoria. 

Hind legs but little different from the others. 


FAMILY I .-^•Forficultdae (Earwigs). 

These insects are distinguished by having a horizontal head and 

very short wing-covers, *>., upper wings, which do not extend beyond 

the insertion of the hind legs and repose flat on the back, meeting 

together in a straight line along the middle. The lower wings, which 

are very large and ear-shaped, are folded beneath the upper, projecting 

at the lower end in small slips from beneath them (fig. 51). These 

small slips are often hardened to the same consistency as the upper 

ones. This formation of the wings is characteristic of the family when 

mnp are present. The end of the body is furnished with a pair 
of large callipers.' r 


This family is not of great importance to the forester so far as i 3 at Dret - n , 

knawn a* regards damage done.by it in the forest. Some species mav, however 

prove of some service in preying upon noxious pests. Whilst visiting the santfel’ 

”” d *T °! Norti : <=“?•>*•>"= Mldras, i, .as „ otic » Ur,™ ’ 

beetll 6 ^ ^ mOS ‘ mvar,ab, y P res cnt in the old galleries of a loJgicom 

TW t 63 , im ° tHe Stems of sa P ,in es and tunnels down their centres 

These tunnels were also used as a home by a species of whlta.w II* 1. 

tunnelling through the wood of still livtne trees The * ’ wblcb * a9 

predaceous upon the termites and their larv£ Wa9 


Family II .—Bint tides (Cockroaches). 

Insects with the head deflexed and hidden from above in renose 
the lower end being directed backwarde. The cox* are very farge 

D 2 
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free, and entirely cover the under surfaces of the three thoracic segments 
and also the base of the abdomen. Thetegmina {cf, fig. 53) and wings 
are very variable and may be absent. The three pairs of legs resemble 
one another very closely. 

The cockroaches are amongst the oldest forms of insect life known. 
In the Carboniferous epoch they existed in considerable numbers and 


variety, and at the present day have much the same appearance. 
The group contains about 800 species divided into 10 genera. 
The head is bent vertically downwards so that the mouth is on the 
under part. There is a gap in the compound eye from which the 
base of the antenna springs. Antennae are bristle-like, long and flexi¬ 
ble, containing from 75*90 joints and are longer in £ than in ?. 
Their function is supposed to be that of smelling. Cockroaches have 
strong running legs with large femurs. The thorax has a movable 
division between the pro-and meso-thoracic segments. Tarsus is five- 
jointed and has a soft pad between the claw. Fore wings partially 
overlap. The abdomen is flattened and differs in the two sexes. In 
& 10 segments are visible, whereas in the ? only 7 arc visible, the 
8th and 9th being seen if the 7th is lifted up. From the sides of the 
10th segment spring the cerci, small, flat, compressed processes usually 
distinctly jointed, and present in both and $ . In the $ in addi¬ 
tion there are two styles on either side of the cerci. The eggs are 
laid in a capsule formed inside the body of the female. This capsule 
is deposited in a suitable place and the young cockroaches hatch out. 

These insects are common in houses, in vessels employed in river 
and ocean traffic, etc. They may be often fpund in rotten stumps 
in the forest, and many of these forest species would appear to be 
wingless; a flat-black species, is common in such localities in the 
North-East Himalayan forests and probably throughout the Hima¬ 
layas. As a family their food is of a very mixed nature.! . 

Ptrifilantta amine *ho (fig. 5 a) Is a cockroach of world-wide distribution and is 
very common in Indian houses.* U is to be found in the warmer parts of the coun¬ 
try throughout the year. Blatta sp. (fig. 53) « “ Indian s P wies found at Johorc ’ 


• Triaim'nt.-ThiB cockroach may be got rid of by preparing a mixture ot finely 
oowdered chocolate and borax and dusting it into the corners of rooms 
where the insects hide. The mixture must be well made so that with wc P 
chocolate, of which the insects are very fond, they will get a particle 
t» ooi'onou* to them. The mixture is cheap and non-p lisonous to man. 
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Family III.— A/ antidse (Praying Insects), 

The Mantid# are allied to the cockroaches, but differ in various 
respects. The body is, on the whole, more elongate, the prothorax 
being very long. The first pair of legs are prehensile with large 
coxa: and strong femurs (thighs), each provided on the inner side with 
two rows of spines; the tibia- (shank) are also furnished with two inner 
rows of spines, and they can be folded back upon the femurs; will 
these appendages the animal seizes its prey, which consists of other 
insects. The second and third pairs of legs are simple. In the 
peculiar position in which these creatures rest their fore legs are held 
up in the attitude of prayer whence they get the name of ‘praying 
mantis. The ova are attached to plants in groups, surrounded by a 
yellowish or greenish exudation which hardens. These capsules are 
found plentifully in low jungle and grass areas. Fig. 54 shows an 
egg-capsule of the mantis Deiphobt ’ocellattt attached to a twig, and 

fig. 55 a male of the same insect from Kulu. The eggs last deposited 
are said to hatch first. 

Many of the insects of this family mimic to a certain extent the 
objects amongst which they live. A mantis of Eastern Bengal, called 
Gongylus gongyhides t has its under-surface resembling the pink 
corolla of a papilionaceous flower. It usually hangs head down- 
wards amongst green foliage simulating a flower, and insects flying 
. a “ d settl,n S u P on are seized and consumed. This insect 
,® e “ t<> Kience for upwards of three centuries, and yet 

y little is known about the various stages of its life-histnrv 

1 ** Tr kS “P»n‘his 

? *“ DO * ° f ,ore » l importance, although they are 

common eoougb, and are often attracted to the lighted bungalow at 

oi lhe H d , nla y ^ watched stalking their prey or waiting motionless 
the dining table or on the whitewashed walls. 

Family IV.— Pknsmidx (Stick and Leaf Insects). 
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remarkable resemblance to seeds of plants (fig. 57). They are 
dropped singly by the insect at random on the ground, being enclosed 
in a capsule. Fig. 57 shows the eggs of the stick insect Lonchudes 
virgens, an insect nearly 18 inches in length, living in Assam. 

Stick insects have the power of renewing a lost leg, the muti* 
lated limb being replaced by one as perfectly functional as the 
original. The right front leg in fig. 56 is a renewed one. The males 
and females often differ entirely in appearance. 

The genus Bacillus is wingless, ihe elongate body and long legs looking like 
a dry branched twig or piece of stick. This genus feeds upon foliage, at times 
doing very considerable defoliation in Australia, They are, however, very sensi¬ 
tive to cold, and frost will always put an end to them there. In Fiji and the 
Friendly Islands a species of Lopaphus cals the leaves of the cocoanut, and at 
times causes such a scarcity of food that it becomes necessary to take measures to 
destroy it. Fig. 56shows an Indian species, Bacillus arltmit, from the Naga Hills* 
The genus Pkyllium occurs in the tropical regions of the Old World. A 
species of Phyllium, P. scythe, is the Indian leaf insect (</. fig. 58), whose broad 
abdomen and upper wings are exactly like a leaf and the legs are flattened out 
and also resemble portions of leaves. It is an inhabitant of Eastern Bengal and 
Assam, and the natives of the former locality hold the opinion that the insect is 
only a leaf, which developed as such originally and then look to -Balking. 

Series. —Sanatoria. 

Hind legs elongate, formed for leaping, their femora usually thick¬ 
ened. 

FAMILY V.— Acridiids (Locusts). 

The hind legs differ from the others by being more elongate and 
having their femora broader near the base [cf. fig. 59). Antennae 
short and thick with less than 30 joints. No exserted ovipositor in ? . 
Tarsi short with three distinct joints. The auditory organ is placed 
on the side of the upper part of the first abdominal segment The 
large head is joined to the thorax in one piece, the joint being deflexed 
downwards at a sharp angle. Besides the t wo compound eyes there are 
three ocelli present. This family is remarkable owing to the presence 
of air-sacks in the interior of the insect in connection with the tracheae, 
and it is doubtless the possession of these that enables them to under¬ 
take the great flights they perform when migrating. The upper wings 
are pent roof-shaped. The chirping sound of locusts is produced by 
rubbing together the outer face of the upper wing, one of the veins in 
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which is prominent and possesses a sharp edge, and the inner face of 
the hind femur which bears a series of small bead-like prominences 
placed on the upper of the two lower ridges that run along the side 
that is nearest to the body. 

This family includes the small locusts of the Reids and the impor¬ 
tant migratory locusts of India and other parts of the world. The 
family contains more species and individuals than any other Orthop¬ 
terous family and is a most important one, as they all feed on growing 
plants. It includes what are perhaps two of the most dangerous in¬ 
sects in the world-the great North-West Locust ( Acridium perigri- 
ttxtm) of India {fig. 50), and the Migratory Locust of North America— 
insects which at times swarm in millions and clear the country they 
invade of every green thing; every leaf is stripped from the trees, ev cry 
blade of grass and crop eaten down, and when the area is utterly brown 
and bare of green plant life, they move on to a fresh district. 

There are many species of Acridiidat in India, and many at 
different periods swarm and do damage. We will consider here the life- 
history of the great Indian Migratory Locust, Acridium peregrinunu 
The home of this locust is in the sandy deserts of Rajputana, Sind, and 
1 Norlh * Wt « « Baluchistan, from which it periodically invades th<* 

^ ^ india. The ej are UUMn' Z'JTo 
oviposilor, as shown In fie 60 thegr0Und wh,ch thc f<™aledigs with her blade-like 
stuck together in a mas/wS'J™ V ?*** Uid in ° nc hole * *hey are 
th«e eggs, and fie 601 T , S,Ccable Sl,bsta " ce ' 61 shows a mass of 

a month, but two months irTmucMon'^r^ ^ 7 ‘ ^ Cgg * ha ' Ch ° Ut in about 

if conditions are not favoura^e foI hatcXr iT/ ^ ? e egg sta ^ 
wingless grass-hoppers ffie 621 t a S h6 young are lllt,e blackish, 

the end of the first five dffs after hil/lT T" green P ° l a, ‘ kinds ‘ At 
and march in serried columns inL , L fi u S th . e > oun e '* hoppers,” pack together 

this stage lasts from one to two montl Cb ® g '" tbeir worl< of devaslation. 

skins at intervals. Their wimrs wh ' Ch t,me * he insects their 

last shedding of the skin leave! thf In ? wT"* , these severa1 moults - the 
As soon as they are fullv c ,nsect w, *h perfectly developed flight organs 

have already eaten everything!^ ,0CU J ts ' leavin g * he, areas from which they 

they proceed to devastate in a l ° fresh dislr i«s, which 

these wanderings the insects pair and th!le " er ‘1 ^ * WCek ° f two s P e,lt *» 

ftrcaK 1 w lhc lyin * chooain8 

changes to yellow andIheTlra^dT* “ 7™* pil ’ k ifl colour > but later it 

periodical, the average number ol PUrpe : The inva *'°"» of this Insect arc 

number of years that elapses between them being 
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about eleven, but a longer interval may elapse. The insects may be said to 
spread down country in a series of waves. The first insects migrating from their 
sandy home penetrate into the east and south of the Punjab and lay eggs there 
As soon as they acquire wings the locusts hatching from these eggs proceed further 
east or south and after a few weeks lay eggs in the new tract invaded. In this 
way the invasion is carried right down through the country. At the end of the 
invasion the locusts return to the desert homes of their ancestors, and in this they 
would appear to be guided by instinct since none of the returning generations have 
ever seen the desert trdcts from which the invasion started. The last great attack 
occurred between the years 1889*1893, whilst in 1901 the insect spread as far south 
as Ganjam in Madras and east to the Brahmaputra River. Whilst these great 
flights are present in a district, green foliage of every description suffers neavity 
and the bark is peeled off young saplings. Nurseries and young plantations 
thus suffer severely from this pest, whilst the soft earth ,of the beds is used by the 
females for egg-laying,* 

In addition to the migratory locust proper, most of the provinces of India 
have one or two large local locusts, which particularly affect their own part of the 
country and produce the local swarms which on occasions do so much damage. 


« Treatment. — When fully developed swarmg of locusts are seen near or in the forest* 

every effort should be made to mark down the places at which they alight* If, after 

they have left, the surface of the soil is seen to be covered with small holes, like holes 

made in soft earth by raindrops, eggs have been laid on that area and these shouI , “ 

sot rid of before they hatch out. c.r the young hoppers should be killed off as soon 

hatching as possible^and befott they pack into columns To do this theeggs maybe 

either dug up and collected or ploughed in deep into the soil sons d “'?' 

If , t ha3 f ot been possible to destroy the eggs, the young hoppers should be 

If it has not beet P eding to the area where the young locusts are 

hatching ^>ut°°and beating over lb. -W. 

=:s* -T? 

sr? £ 55arisTiTi'crr'i-i 

and set on fire* When sw . adjacent villagers should be turned ou 

with *«">•■ W' 0 *’ 0 ? '”*■ Thi, till ,«ult ii> tutting lk« **»'■»• W ‘ r '"‘ 

, w „m, beating their instruments. Th.» w* 
clothes in the air should also be tried as w 
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Acridium succinctum (fig. 63)19 the locust 0f the Bombay Presidency, and breeds 
in the GhAts. It is also to be found in Western Bengal, and probably breeds in 
the Chota Nagpur hills. In the Nilgiri range,©/ hills in Madras Acridium arugino * 
sun, Acridium nelanocorne, and Tryxolts tuttwtit have their home and are the 
locusts which at times swarm over the Presidency from that centre. Two species, 
Tryxalis nasuta* (fig. 64) and Oxya si el ox, have been reported as attacking and 
injuring young chir (Pinus longifoUa ) and robima seedlings in the Kangra 
Valley, Punjab. 

• Enemies of locusts.— Locusts are preyed upon by two dipterous parasites (both 
on A. peregrinum , one of which attacks the egg, the other the mature insect. In 
addition a Carabid beetle {Calosoma orientate, Hope) and the rosy pastor starling 
{Pastor rosetis ) cause great havoc amongst the flights. 

Family VI .—Locustid* (Grasshoppers).f 

These insects are generally known as the long-horned grasshoppers 
from the fact of their having very long bristle-like antenna. They 
are usually grass-green or brown in colour, and their bodies are fiat* 
tened and more lightly built than the true locusts. The eyes are 
round, the legs slender, and tarsi four-jointed. Wings are roof-shaped. 
On the tibiae of each of the front legs there are two auditory organs, 
and the males make sounds by rubbing the basal portion of one upper 
wing, the undcr-side of which has a transversely ridged edge, over a 
corresponding portion of the other. The female possesses a long sabre* 
like exserted ovipositor. Fig. 65 shows a common tong*horned Indian 
grasshopper named Cleandrus ligatus. The eggs are laid on the 
ground or on leaves, stems, etc. 

This family is of less importance than the true locusts, It contains 
the losect known as Sckisodactylut mon$tru$sns, Brulli, a grass* 
hopper which can be at once recognised owing to the fact that the ends 
of its wings are curled up in a coil at the end of its body (fig. 66). It is 
known as “ bherwa " in the indigo districts, where at times it commits 
damage by cutting off indigo, tobacco, and other crop plants with its 
enormous shear-like jaws. It is also plentiful in Assam and probably 
in the Madras Presidency. A pest of this kind can commit an In¬ 
calculable amount of harm in nurseries of young plants. 

* See Departmental Notes on Insects which affect Forestry, No. 1, pp. 1-5. 

+ It will be noted that the Locustida are not locusts but grasshoppers, the true 
“locusts” belonging to the Acriditdee : an unfortunate nomenclature which it would be 
Impossible now to change. 
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Family VIL— Gry Hides (Crickets)* 

The GryHides are closely connected with the Locustidm . The 
antennas are long and slender and setaceous ; hind legs long and used 
for jumping purposes. The upper wings have the outside portion 
bent down on to the side of the body, whilst the inner portion lies 
horizontally on the dorsal surface as shown in the fully developed 
insect in Fig. 49* The tarsi are usually three-jointed. The female 
has a long ovipositor. Wingless forms are numerous. The musical 
and auditory organs are situated in the same position as in Locustida?* 
The Grylltdes differ from these latter in the 3-jointed tarsi and posi- 
tion of the upper wings in repose. The body is thick and cylindrical 
and the eggs are glued together and laid in holes in the ground. 
Fig. 67 shows the black field-cricket which is very common round 
Bombay and other parts. 

This family contains some injurious pests of which two more 
especially harmful will be mentioned* 

The Mole Cricket {Grylutalpa vulgaris) is a large insect* which has the front 
Llfe-htatofy the Mole Cricket, legs thickened for digging purposes* and has 
Grjiictaipa vufgtru* the p r0 thorax enormously enlarged, resembling 

the carapace of a lobster, and there Is no ovipositor present. The fore legs have 
a very short and thick femur and tibia, and the tibia is prolonged into a series of 
four points and is concave on the outside. The fi rst two joints of the tarsus are 
prolonged into teeth. The fore wings are very short and oval and the hind 
wings are rolled up upon themselves like a roiled-up umbrella and extend back in 
two points (see fig. 68)* This insect is dangerous, as it burrows underground 
in grass lands, gardens* and nurseries, destroying the roots of plants in its opera* 
tions. 

The second injurious species which his proved itself a pest In India is a 
cricket named Brachytrupcs achcetinus* which has a very wide distribution. This 
is a large thick-set insect, smoky brown above, yellowish beneath and at the sides ; 
the tibiae of the hind legs have four stout spines on each. Length iJ-2 inches. 
Fig* 49 a, b, Ci d shows ihelarv® and adult of this pest. The life-history of this 
insect has been partially worked out in the Chittagong Hill Tracts* 

Larvae about half grown were found in April voraciously feeding upon young 

Ltfe-hiitory el Brachytrufei echstu rubber (Ficus elastica) seedlings in nursery beds 
mi#. into which the young plants had been trans¬ 

planted from ihe pots in which they had been raised from seed. It was not 
until some 40 per cent* of the seedlings had been killed off that the aggressor was 
marked down in the boles in which it lives. These are constructed in soft sandy 
situation** the tunnel starting at an angle to the surface level and running in a 
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irg-2a£ manner down into the soil for some two feet, the diameter of the tunnel 
being from £ to $ inch. It is enlarged at the bottom into a small chamber. A 
burrow may be occupied by one, two, or as many as three young ones. The insect 
feeds chiefly at night, spending the day in its burrow, into which it drags some 
of its food plant to consume at leisure. Soft soil is chosen to dig the holes in 
—and therefore the nursery beds are preferred, but any soft spots in the neigh¬ 
bourhood will be found to contain numbers of the insects, The young larvx feed 
till the beginning of the rains, about the middle of June. They then cease until 
October, and they would appear to rest during the heaviest of the rains, though 
there is no pupal stage proper. In October the damage in the nursery recom¬ 
mences, and the holes will be found to contain two fully developed insects, male 
and female, at the bottom of each, the tunnels being now some 2-2i feet deeD and 
very winding. The insects at this period feed voraciously, and continue £ do so 

for a month. I n November they dieoff, the female probably first lavintr her 
eggs rn soft patches of soiL* 


Useful Orthoptera. 

The number of Orthoptera known to be of use to the forester is a 
small one. The Mantidx may be said to be useful to a certain 
extent in that they destroy insects of all kinds, and in their larval 
s ages in some cases they probably feed largely upon Aphidse. As I 
have mentioned m my notes under that family, the Forficlid* t 

are probaby of use, since many are undoubtedly predaceous upon 
lan at, small snails, etc., tvhich live upon plants. ^ 

'< k ‘ b :.“£“S d ‘w p L p, r h ,r: 

**eh hot. will cm,,. theS, “** "**";* . .P°>-rudd.„„ 

found to be a cheap and effectual mail n - * hen the. Cal. be secured. This will he 
Will do an immense amount of injur.' „ f* '"f nd f* ‘ he P* st which. i( left alone, 
long, it » capable of consuming during its life'a ^ ,r ®*’^ odle ^ 'meet, some s| i.ehe, 
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Chapter V, 


Order III.— Neuroptera. 

Imago with a biting mouth ; with two pairs of wings, the upper as 
well as the lower membranous, usually with extensive veins consisting 
of elongate nervures with cross ones, the whole forming a net*work. 

Wingless forms are present. The metamorphosis is incomplete. 
Fig. 69 shows a common dragon-fly, an example of this Order. 

The Neuroptera comprise a comparatively small number of insects, 
the Order including the termites (white-ants), dragon-flies, stone-flies, 
May-flies, caddis-flies, lace-wings, ant-lions, etc., and the wingless 
bird-lice. 

With the exception of the termites the insects of this Order are 
not of great importance. For our purpose we shall consider seven 
families, six of which we shall do little more than glaDce at. 


Familv l.—Mall&phaga (Bird-Lice). 

These are flat, wingless insects furnished with a large head; 
thorax is usually of two, rarely of one or three, segments ; the pro- 
thorax always distinct; hind body consists of 8 to losegments in addi¬ 
tion to the two anterior thoracic segments. The whole of the insects 
of this family live a parasitic life, creeping about on those parts that 
are near the skin, e.g>, the feathers or hair of birds and mammals, 
They rarely come near the surface so that they are not detected on a 
superficial examination. The legs are specially adapted for climbing 
amongst hairs and feathers, as the last joint of the foot is hook- 
shaped and can be bent back against the preceding joint; a hair can 
thus be held fast between the two joints. The eggs are fastened by 

the hairs, etc., of the host. These insects either 
suck the blood 0 the host or eat the fur or feathers. Lice multiply 

deatW d’ y °A the , b ° d,eS ° f human beiQ g s and animals when insuffi- 
ciently cleansed and consequently they are commoner on sick and ill- 

nourished individuals than on healthy and well-nourished ones. 

Hg. 7° shows the dog louse, Trichodectus latus> having one 
daw to the foot and, 7 i ( the common fowHouse, Membon pallidum , 
wo c aws t° the foot, as is .usual in bird-lice (both magnified). 
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Family II. — Termitidac (Termites, White-ant). 


This family of insects live in colonies, similar to the method of life 
of the ants and bees. The Termitidae have no characters in common 
with these latter, however, save this one of living in colonies. The term 
" white-ant,*' although the popular name, is misleading as these insects 
have nothing in common with ordinary ants, to which they are quite 
dissimilar in structure, 

Each species is social, and consists of winged and wingless indivi¬ 
duals. Wingless individuals are very numerous and have the head and 
thirteen t>ody segments distinct; the body is terminated by a pair of 


short cerci. 

The integument is delicate and the chitin plates are never very 
hard. The head is exserted, frequently of large size and sometimes as 
large as all of the rest of the body together. Termites may be quite 
blind or possess simple and compound eyes. Antennae are moniliform 
and short, and the legs are like one another. The wings arc unlike those 
of any other insects. The four wings are, in repose, laid flat on the 
back, so that the upper one only is seen except at the bases ; they are 
membranous and very long so that they extend far beyond the extremity 
of the body; the hind pair is similar in size and consistency to the 
front pair; their neuration is very simple, consisting of two longitudi¬ 
nal nervures enclosing a space like a mid-rib between them, smaller 
nervures taking off from this on either side ; the wing thus rather 
resembles a feather of a bird or a much-veined leaflet. The most 
remarkable part about them, however, is that near the base of each 
wing there is a suture or line of weakness, along which the wings can 
be broken off, the stumps remaining as short, horny flaps on the back. 
The wings are used for only a single flight and are then shed break¬ 
ing off at this suture. 

The life-history of the Indian Termite, Termes taprobanes t is com* 


monly as follows : — 

Termites live in communities consisting of an enormous number ol individuals. 
L1(e . h uorr < 1 * Termite or The adult forms found in a community are 01 
• whitest ‘ [Ttrmr$ mpftbantt), workers, {2) soldiers, (3) winded males and icmaics, 

(41 some of these winged forms which have lost their wings (fig. 72, a, b, c, d). In 
addition, there are the young larvae. The winged king and queen arc only present 
in the nest for a few days. The individuals which have lost thetr wings are usually 
limited to one pair, the king and queen. These latter two may be recognised by 



PLAT € li. 



72. The CommonWhkMiu" or Termite (Anm u,prUant,\ ,, worker; b. tidier: 

t, larva of winged form ; d t young queen ; t, fcmele or queen with awollerMip body 
full of egg*. 

73. Buuhdary poet from t fortei boundary line In Burma allowing the manner in which 

termite* detiroy wood, 

74. Young rubber plant destroyed by termite*. The whole of the bark and portion of (he 

top-wood h m txtn men 
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the stumps of their cast wings which are to be seen as small appendages on the 
dorsal surface of the thorax, The continuance of ihe nest is effected entirely by 
the king and queen. They are generally incapable of leaving the nest, more 
especially the queen whose body swells up enormously to many times its original 
bulk, after fertilisation. Great disorganisation occurs in ihe colony if anything 
happens to the royal pair, and in consequence of this certain individuals amongst 
the larva: are kept in such n state that by changing the food they can be quickly 
converted into royalties should it become necessary, ft thus becomes obvious that 
the old theory that it was possible to get rid of a " whitc-ant “ nest by digging out 
and killing the king and queen is a quite untenable one. When this is done, or 
when anything happens to these latter, the termites left in the nest simply set 
about preparing a substitute royal couple. 

The soldiers may be distinguished by their very large heads and powerful 
mandibles. I heir work is to guard the colony against enemies. The workers build 
the nest and look after the young larva:. For their nests they construct mounds 
of different shapes and sizes, these being sometimes several feet high with a corrc. 
sponding depth of ramifying galleries in the earth below the mound. Such mounds 
are to be seen commonly throughout the warmer parts of India. They are formed 
of particles of earth worked up into a material which dries as hard as stone. 
These nests are also made in the interior of trees, ihe wood being gnawed away 
and replaced by mud ; beams and moouui floors of house, etc., are also made use of 
in this way. The males and females are produced in enormous numbers, and may 
often be seen at the commencement of and during the rains issuing in great clouds' 
from the nest, situated either in the big earthen erections «r in slumps of trees in 
the field and forest, or at the base of walls, plinths, etc., of houses, These great 
flights never fail to attract all the kites, crows, minas, and other insectivorous 
birds in the neighbourhood, who stuff themselves to repletion with the food thus 
so easily obtainable. After this nuptial flight and their return to earth the 
termites which escape their numerous enemies in the air, tear off their wings 
and pair, if the pairing has not been gone through in the air. The wingless 
insects then endeavour to find their way back tolhc onginarnest and a few succeed 
the greater proportion either being killed off or dying in the attempt. It j s to ensure 
the survval of the few that, in all probability, such enormous numbers of the winged 
md.v,duals are provided. Aker return to the nest the body of the queen beginsto 
swell up by a distension of the membrane between the cliitinous plates until it 
becomes like a sausage 2-3 inches in length, with the minute head and thorax at 

the top (fig. 72 d). She then lays a number of eggs daily, continuing this per- 
/ormance for a considerable period. S P cr 

Termites usually never expose themselves to daylight (except the king and 
queen during the nuptial flight), and consequently the workers make galleries to 
move about m. When attacking a structure, such as a post, the insJts alwavs 

external *'***?"* bdn S ^ carefttl »° leave all the 

external portions of the wood intact. It is this habit of theirs which lead* 

serious accdcnts, roofs or heavy beams, etc., apparently sound, falling in without 



4 S 


A MANUAL OP ELEMENTARY FOREST ZOOLOGY. 


a moment's warning owing to their supports having been entirely undermined un¬ 
seen by this pest. 1 n the forest large branches of trees may be seen occasionally 
falling in this way, and examination shows that the apparently sound, though 
dead, wordy branch is but a mass of earth enclosed by the outer shell of 
rough bark ; the whole of the interior has been removed and replaced by'mud, every 
particle of which has been taken up the tree by earthen galleries running up, if the 
tree is still alive and healthy, on the outside of the bark. Fig. 73 shows the manner 
in which wood is riddled by these insects. 

Termites have also been reported as attacking seedlings of various species of 
trees, eating off the bark and thus killing the plants. An example of the 
damage they are capable of committing in this way is shown in Fig. 74 which 
represents a young rubber plant 5 feet in height from the Lachiwala Nursery, 
Dehra Dun. The lower part of the stem had been covered with earth and the 
bark beneath entirely eaten off round two-thirds of the circumference of the 
stem, the woody interior being also badly riddled. Several of the plants were 

killed in this attack.* 

Termes (Ccptotermes) Cesiroi shown in fig. 75, a, b, c has been reported as 
attacking Para rubber in the Mergui rubber plantations. It attacks the crown of 
the root of the trees and makes its nest there, often killing the tree. Fig. 76 shows 
a portion of a crown of a root attacked in this manner. 


Family Ill.— Psocidae (Book-Lice, Death Watches). 

Minute insects with slender thread-like antennae consisting of from 
11-2 S joints. Prothorax is very small and concealed between the 
head and the meso-thorax. Four delicate membranous wings are 
present, the upper pair being the larger.__ 


* Prevention.- In countries where termites are common wooden beams and supports 

„f houses should be constantly and carefully inspected and tested to see that they are 

not being hollowed out or undermined by the pest. Wooden posts used as «.pport« to 

wooden bungalows in the forest should be thickly tarred on the ends placed m the 

j an j once a year these ends should be exposed by removing the soil and fresh tar 

£5 ©J a small pool of tar being formed round the end in contact with the soil The 

wooden parts above soil should be in>pected, and all mud galler.es runmng up them be 

brushed off, as the termites will give up the attack once they are exposed to light. 

j? *Aits When “ white-ants ” are troublesome in bungalows or nurseries, careful 

? 7 for their nests the earthen galleries, under which the insects are 

search should be madeTor point f emanate <rom . The nest having 

doing the damage bemg traced back 0 P ^ elo8ed and SO me p.eces of 

been theEnclosed openings and these be then closed. The 

fumes' win's in Ic down through the nest and entirely exterminate the colony. Care must 
£ taken lo (0 close all the openings, and (a) not to breathe the vapours gtven off by 


carbon bisulphide* 


rLATt 'fil. 
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The email insects found amongst dust and books belong here. 
Their food is starch or dry animal and vegetable matters, and this is 
what leads them to attack the bindings, plates, and pages of books. 

A small psocid, Psoeus ? sp. (fig. 77 ). » extremely plentiful on the 
leaves of the sill {Shorea robust a) tree in the Dun forests during the 
latter part of February. Small brown patches of rotten tissue appear 
on the leaves, hut whether these are due to the insect or whether the 
insect is merely feeding upon a fungus which is causing the 
discolouration has yet to be determined. 1 he insect is a minute 
yellow one, both larvae without wings and winged individuals being 
present. The family has at present only been reported as feeding 
upon rusts, fungi, vegetable refuse, etc. 

Family IV .—Odonata ( Libellulidss 1 (Dragon-flies). 

Elongate insects with a very mobile head and large eyes, strong man¬ 
dibles, a broad lip and small inconspicuous antennae ending in a 
bristle j four elongate wings equal in size and similar in texture. 
Alt the legs are placed more anteriorly than the wings. The 
abdomen is elongate, being very much narrower than the thorax. 

The attachment of the head to the thorax is such that it is 
possible for the insect to move it round with great ease. The eyes 
are often enormous and occupy the greater part of the head. There 
are three ocelli. The earlier stages of the life are spent in water, 
the larvae breathing by means of tracheal gills. Metamorphosis is 

When nursery or roadside trees are subject to attack they should be painted for 
several feet up from the base with the mixture known as 1 Gondal Fluid, 1 This fluid *s 
prepared as follows : — i part dtkamati gum (this is the rosin of Gardtnia gummt/fra) 
2 parts of asafeetida (king ); 2 parts bazar aloes (guguf) ; 9 parts castor oil j pound 
these materials together and thoroughly mix j when the mixture is decomposed into 
a thickened compound add water till it is the consistency of paint ; some colouring 
matter, such as red or yellow ochre, should be added in order to render the material 
visible when painted on the trees. Paint on the trees in a continuous band of 2-3 feet high 
starting from the toll level and taking care to paint all interstices of the bark* All 
earthen galleries must be removed before painting the stem. This mixture has been 
used with good effect and Is cheap. 

In houses tar well all stone, earthen, or wooden floors, both round the edges and up 
the walli for a few inches and in the centre, before laying down mats, carpets, etc. 
This should be renewed at Intervals, depending upon the abundance of the pest in the 
neighbourhood 


B 
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incomplete, but there is a great change in the appearance of the insect 
at the last moult. 

The family is carnivorous and the mature insect catches its prey 
on the wing. The eggs are deposited e’ther in water or on the stem 
of some aquatic plant. The young on hatching have no wings and 
are quite unlike the mature insect. The wings begin to appear at the 
fourth moult. Just before the last moult the larva climbs up the stem 
of an aquatic plant and fixes itself at the point where the stem leaves 
the water. It then moults, the skin splitting down anteriorly, and the 
winged insect crawls out and up the stem where it remains for a time 
to allow the wings to harden. The family is unimportant economically. 
Fig. 69 shows a large dragon-fly, Tctinus rapa.t, common in 
Calcutta, and Fig. 7S a graceful emerald green-bodied one, Heurobosts 
chinensis, the lower wings of which are coloured emerald green, 
shading off into brown. 

Family V .—Ephemeridx (May-flies), 

Delicate insects with short antennae ; four membranous wings, the 
hinder pair smaller than the others ; the body terminated by two or 
three very elongate slender tails. The earlier stages are passed in 
water, the larva differing greatly from the adult. Fig. 79 shows an 
enlarged aquatic larva of this family, and 80 a May-fly {Ephemera 
remensd). The May-flies are not of economic importance. 

FAMILY VI .—Hemerobiids (Ant-lions, Lace-winged flies, etc,). 

Insects with a vertical head ; maxillae free, with five-jointed palpi; 
the labial palpi three-joir.ted. Wings eipial in size and highly net- 
veined. Tarsus five-jointed. The metamorphosis here is exceptional, 
it being almost complete. The larvae have mand'b|es and maxillae 
forming spear-like organs, which are also used for sucking. The 
insects have in fact a suctorial mouth in the earlier stages of their 
life-history and a biting one in the adult. This is unusual and the 
reverse of what occurs in the Lcpidoptera and other fcig Orders. 
The pupa lias the general form of the imago, and is enclosed in a 
cocoon. These insects live on land in all the stages of their existence. 

In the Myrmeleonides (ant-lions the antennae are short, clubbed 
and the apical spaces of the long wings contain regular oblong cellules 
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in them. The larvae are small, dull coloured, with very large shear-like 
mandibles and a flat oval body. Fig, 81 a, shows the larvae and fig. 
81 b, the imago of the ant-lion common round Dehra. These insects 
are interesting owing to the fact that the remarkable habits of the larvae 
have been known to naturalists for over two centuries. The larvae 
are predaceous and secure their prey by means of inverted cone-shaped 
pit-falls, which they excavate in sandy places and at the bottom of 
which they bury themselves, leaving only their elongate jaws pro¬ 
jecting out of the sand at the bottom of the pit. The latter being 
constructed in dry loose sand, an insect running along the ground 
and reaching the edge slips on the moving sand and falls to the bottom 
of the pit, to be impaled on the sharp mandibles of the larva, who then 
sucks out its juices. Even should the insect not be impaled upon the 
mandibles, the ant-lion larva will secure it before it has managed 
to escape up the shelving slipping sides of the pit. These insects are 
common in many parts of India, more especially in dry sandy river¬ 
beds, etc. 

The Ckrysopides (lace-wing flies) are fragile insects with elongate 
bristle-like antennx. They have metallic red-coloured eyes, by which 
they can be recognised. They are of no importance to the forester 
so far as present observation has shown. 


Family V\\.-~Phryganeidae (Caddis-flies). 

The wings are more or less clothed with hair, the hind ones being 
larger than the front, and are held in a roof-shaped manner over the 
body when at rest. ^ Antennx arc thread-like, mandibles are absent. 
The metamorphosis is nearly complete. The larvae are catcrpillar-like, 
usually inhabiting cases of their own construction. The pupa resem¬ 
bles the perfect insect. 

These insects have the appearance of small black moths (, Lepidob - 

tera) and are to be found in the neighbourhood of water, in which the 
larval stage is passed. 


USEFUL NEUROPTERA. 

, said t0 contail > "any insects of use to the 

lurester. The dragon-fly, in its adult condition, and the ant-lion larva 

b a 
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are both carnivorous, preying upon insects, and both probably do a 
certain amount of good by catching and feeding upon noxious insect 
pests It is not improbable, however, that they also in this way kill off 
useful insects. The dragon-fly catches its prey entirely upon the 
wing. 
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Chapter VI. 

Order IV.—Hymenoptbra. 

Wings four, membranous, without scales, usually transparent, 
never very large, the posterior pair smaller than the anterior ; the cells 
formed by the nervures irregular in size and form, and never very 
numerous (less than twenty on the front, than fifteen on the hind 
wing). Mandibles conspicuous, even when the other parts of the 
mouth form a proboscis or sucking tube. The females are furnished 
at the extremity of the body with either saw, sting, or ovipositor; 
these parts may be either withdrawn into the body or be permanently 
protruded, Metamorphosis is complete. In the pupal stage the 
parts of the perfect insect are seen nearly free, each covered in a 
very delicate skin. 

The Order Hymenoptera includes the wood-wasps, saw-flies, gall 
flies, chalcid flies, ichneumon flies, and also the families of bees, 
wasps, and ants. It is a very large Order of which a very large 
number of species remain to be discovered and described, and this is 
especially the case in India. 

The head is short and broad, and deeply constricted off from the 
prothorax, never sunk into it; sometimes it is situated on the stalk¬ 
like process of the prothorax. The mandibles are powerful biting 
organs. When the proboscis is present, the " tongue," which is 
formed by the joined iigulae, is elongate and gutter-like ventrally and 
is surrounded by a tube formed of the long flattened labial palps and 
blades of the first maxillae (*, fig. io 4 ) ;.b y means of the tongue and 
its sheath sweet liquids are sucked up into the mouth. Th^ pro¬ 
thorax is but feebly developed, the dorsal is separated from the ventral 

to the mesa-thorax, whLtheTue' 

are usually immovably LtT s! “d metathora* 

they are freely movi e Th. U *?' S> "' 1 KS a " d w °°d-wa,p, 
thecoxm; the trochanter iJofteiwH a t e oharactensed by the site of 

the Tentbredinidar, UroceruL CvnloidJT h"i IT'’ W ' ^ (in 
tarais “ Sve-jointed, and the 'first joint 1, in«r thTi"‘ m! ‘ 

** ,<,W ‘ r by .CSS 
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the anterior edge of the hind wing, which fasten into the curved hinder 
edge of the front one ; thus during flight the two wings on one side 
act ns one piece [see fig. 83 A-C’. At the base of the front wing there 
is a projecting scale which covers the base of the hind wing. fn 
all the Hymenoptera the first abdominal segment is immovably 
united with the metathorax, and in the majority (i.c. t in all but the 
families Tenthredinidre and Uroceridae) there is a deep constriction 
between this and the following abdominal segments ; the abdomen is thus 
said to be stalked {cf. figs. 94b and 112, but It must not be forgotten 
that the constriction occurs not bet ween the lastsegment of the thorax 
and the first segment of the abdomen, but in the abdomen itself; 
the segments following the constriction are usually narrower than the 
first. The eggs when being laid pass through the hollow stabbing or 
boring apparatus at the end of the body of the female {cf, fig. 96) ; 
in many cases a prick or cut is made in an animal or plant for the 
reception of the egg. This apparatus may also act as a sting. '1 he 
larvae are usually whitish blind grubs ( cf . figs. 84a, 85a) ; only in the 
Tenthredinidae and Uroceridae do they resemble the caterpillars of 
the Lepidoplera ( cf. fig, 87 and fig9. 242a, 244). The larva generally 
form cocoons to pupate in (fig. 88 b)« 

Both parthenogenesis and alternation of generations occur in this 
Order, both frequently occurring in the Cynipidae. 

From a forester's point of view the Order may be sharply separ¬ 
ated off into three distinct divisions : — 

(rtl Those insects doing direct injury to the forest, e,g., Sirex, 

etc. 

(£) Those insects of direct benefit to man owing to their 
parasitic habits, e.g., Ichneumonidje, Chalcidae, etc. 

(e) Those insects of direct benefit to man owing to their 
economic importance as, eg., Bees— 

(ij owing to the fact that they furnish honey and wax ; 
(ti) play an important part in the economy of nature 
by fertilising flowers and thus ensuring the 
fructification of the plant. 

The Order consists of two very distinct sub-orders dependent upon 
the manner in which the abdomen is joined on to the thorax, via. 

(i) Hymenoptera Sessiliventres,— Insects with the abdomen 
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broad at the base (fig. 85 c), its first segment not 
completely joined to the metathorax. 

(2) Hymemptera, Peliolata ,—The abdomen connected with 
what appears to be the thorax by a slender joint forming 
a marked constriction between the apparent thorax and 
abdomen {cf, figs. 94 b and 112), the posterior part of 
the apparent thorax consisting of the first abdominal 
segment. 

].—Hymenoptbra Sessiliventres. 

The abdomen is not stalked, but is nearly continuous in outline 
with the thorax. Trochanters divided into vwo portions. The saws 
or boring apparatus of $ are concealed or only just visible. Larva has 
three pairs of thoracic legs and often numerous abdominal legs which 
have no hooks, Food is vegetable, some feed in galls on plants, some 
on twigs, others on the hard wood of trees and shrubs. The majority, 
however, live on the leaves of plants. Those which feed on wood 
resemble Coleopterous larvae in appearance, and those which live on 
leaves resemble Lepidopterous leaf-feeding larvae. 

We shall consider here three families. 


FAMILY 1 ,—Cephidx (Stem Saw-flies). 

Slender insects with a weak integument and slender antennae. 
The female bears a saw at the end of her body. Larvae live on the 
stems of plants or on the tender shoots of trees and shrubs. 


Little is known about these insects in India. One, however, Cephus f sp., has 

LUe-hitttff at Ciphut t ip, been found living at the bases of the young 

. . , . spring needles of the deodar. The needles 

dwelop on the branches in small rosettes (fig. 84c) and if these be examined when 
tacked by this small insect they will be seen to have swollen up at their 
ases in such a manner that the needles coalesce at the bottom. A closer cx- 
am.nat.on show, that the swelling is convex on the outside and concave on 

Erubwln th i* T a, L c L ontave elliptical depression t8 4 d) a tiny orange 

L .if ^ fig ’ 84 ^ The Irritation set up by its feeding operations 

in this lh . C swe h , n ? al tbe base of ‘ h e needle. From four to six weeks are spent 
middle llT ° f f '*'**™> P«P*» *Uge is a short one, and about the 

(Sa t beglnn ' rg «* July ‘he liny little brilliant metallic blue flies 

a ce't£ a inCh ,n W*™ 1 he attacked rosettes turn yellow and dry up, 

a certain amount of defoliation being accomplished in this way. 
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Family II. — -Siruidat or Uroceridae (Wood-wasps). 

Large insects of bright conspicuous colours, the female being 
provided at the extremity of the body with an elongate, cylindrical 
boring instrument, Antennae filiform and elongate; the prothorax is 
joined to the meso-thorax, being perpendicular in front; the abdomen 
has 8 dorsal plates, and the front tibia has a spur; the anal lobe of the 
posterior wing is large. The larvae live in wood, in which they gnaw 
long winding passages ; they are blind, whitish grubs with three 
pairs of short thoracic legs, but have no abdominal legs, only slight 
protuberances being present, The pupa is naked, i.e., it is not 
enclosed in any cocoon. Fig- 85 a-d sliows the larva, pupa, and 
imago (<?,?) of the large Himalayan wood-wasp Sirex tmpertahs. 

Until recently the habits of the Indian Forest Stnctda were 
unknown, The life-history of Sirex \mperialis t the Himalayan or 
spruce wood-wasp, a magnificent insect not unlike the well-known 
and oft-quoted Strex gigfts of Europe, has been partially worked out 

and will be described shortly here.* 

Sirex imperialism a large handsome insect, the general colouring of-the male 

being a deep metallic blue-green, and rich 
LMc-hlitory of Sinn imptuMi. chestnut, the wings having a coppery sheen on 

them. The female is a deep metallic green on its upper surface (figs- 85, c, d). 
The grub is stout, thick, canary yellow in colour, and about inches in length. 
The pupa is unenclosed in any cocoon, being pale yellow in colour (figs. 84, a, b). 

The female lays her eggs in the wood of dead spruce, Piced Morinda , Link, in 
the North-West Himalayas (6,500 to 8,000 feet), drilling holes into the tree by 
means of the augur and drilling apparatus at the end of her body. The larva: on 
hatching out bore winding galleries in the wood, these galleries having no apparent 
definite direction. The grubs evidently spend more than a year thus tunnelling in 
wood, larva: of various sizes being obtainable at any time. The larval tunnels, 
which are several inches in length, are tightly packed with the wood sawdust 
passed through the body of the boring grubs. When full fed the larvx change 
to pup;c at the end ol their tunnels with no special preparation, and the pupa is 
thus found lying naked at the end of the boring, occupying the only free space 
unblocked with wood refuse in it. The larvae pupate about June, and fully de¬ 
veloped imagoes emerge in July. When ready to leave the tree the mature strex 
bores its way out by a circular boring, an eighth of an inch m diameter, drilled in 
the wood by means of its powerful mand ibles, and it invariably chooses the 

• For a fuller account see * Departmental Note* on Insect* that affect Forestty, 
Vol. I, p. Ijl, and plat* VIII. 
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shortest route to the outside, the gallery having, however, usually a slight upward 
direction,* Fig. 86shows a block of spruce wood exhibiting the tunnels made by 
the grubs, most of the borings being blocked with the compressed wood excreta. 

This insect is capable ot doing the most serious injury to timber, as the 
winding galleries of the larva and the exit holes of the mature insect riddle the 
wood and make it useless for anything save firewood. Further study of the habits 
of this insect may show that it attacks other coniferous trees. 

Other, as yet undescribed, species of this genus have also been recently found 
boring into spruce in a manner similar to the sirex. They are not unlike the 
latter, but are smaller and blackish in colour. 

The larva of a species of sirex has been found boring into sandal wood in the 
Coimbatore Hills in Madras, but little is known about its life-history at present. 


Family III, — Tenthredinida: (Saw-fliesj. 


The perfect insects have a superficial resemblance to a large blue 
bottle fly, but can be distinguished by having four winga instead 
of two; the prothorax is small and fits closely to the meso-thorax; 
there are no spurs, hut two spines on the front tibiae of the legs. The 
larvae are very like caterpillars, having three pairs of thoracic legs 
and six to eight pairs of abdominal ones; in this they differ from 
Lepidopterous caterpillars, which never have more than five pairs of 
abdominal legs. Saw-fly larvae feed exposed on the leaves of plants 
in the same way as caterpillars, or they may live in galls, etc. 

This is an important family, but little is known about its members 
in India, and practically nothing about their habits. 


Recently, three species, as yet unnamed, have been found feeding upon 
coniferous trees in the North-West Himalayan forests. Of these one infests 
the aeodar, a second the spruce, and the third the silver fir. Observations made 
on the.r habits show that they all feed upon the spring crop of needles of these 
trees pupating some time in July. The larva are bright green in colour and 
about an inch or a little over m length. When feeding they take up a* very 
characteristic position, which greatly facilitates their recognition, for they coilthe 
ower end o the body round the leaf upon which they are feeding (fig. 8 7 ) When 

u T ta ? Up35 Wilhin Sma " n e hl brown ellipticaf cocoons, the 
covering of which is of parchment-like consistency, which they attach to a needle. 

n the case of the silver fir saw-fly the larva pupates at the beginning of July, the 
mature fly is^jing about the middle of the month. s J y< 

l n ^lT VCry t rrf a i ae f gr “ n Stw ‘ fl y Iarv * their appearance 

inthe autumn (September-Octobcr) on rose bushes in the Dehra gar*ns and 

• V(d$ a note on the habits of the larva and adults of Sin* .n<t k» 

•uiher in tfotur* et August a lit, i p oj. d Th * i,ita 
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strip many bushes of their leaves. I he caterpillars spend two weeks in the larval 
stage and 4-6 days as pupa:. The pupa is enclosed in a cocoon which is attached 
to a leaf or small branch of the plant. The flies on issuing apparently pair at 
once and lay eggs. Fig. 88 a—d show the larva feeding on a leaf, cocoon, pupa and 
fiy. 

II.—Hvmenoftera Petiolata. 

The hind body is connected with the thorax by means of a deep 
constriction, so that there appears to be a stalk between it and the 
thorax. This stalk may be long or short, but is always present. 
This sub-order is divided into three series— 

1. PARASITICA or TEREBRANTIA, including the families Cynipidar, 

Chalcids, hhneutnonidse, and Pracontdae. 

2 . TuBULIFERA—comprising the Chrysididse, 

3. ACULEATA—including the families Apidss, Diploptera, Fosse * 

ria, and Formicids. 


Series i.— Parasitica or Tcrebrantia. 

The trochanters (the second joint of the teg) are of two pieces 
(fig. 82), and the female is furnished with an ovipositor at the 

extremity of her body, 

FAMILY IV.— Cynipidm (Gall-flies). 

Small, frequently minute insects, usually black or pitchy in 
colour; the abdomen is short and compressed, with an ovipositor 
arising from the ventral surface. The wings have only a few cells tn 
them and have no stigma (a black patch) on the anterior marg.ns 
of the upper wings. The antenna; are straight, Simple, and are com¬ 
posed of a few (12-15) joints (fig. 89). The larva; arc small curved 
whitish grubs and live in galls on plants or parasittcally in the bodies 
of other insects, either singly or several together. The female bores 
into the living portions of plants (steins, leaves, buds) by means c the 
spine at the end of the abdomen, and deposits an egg m the hole thus 
made. The larva; on hatching out feed upon the piant tissues and the 
irritation set up gives rise to swellings to which the nan 2 of gall >- 

g,V< The different forms of gall thus arising are characteristic of 
different species of insect. In many species a regular alternation 
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a parthenogenetic with a true sexual generation exists, the two 
generations being dissimilar and causing galls of very different 
appearance. 

Little is known about the life-histories of gall-flies in India, 
although the family probably contains numerous species which 
damage the seeds and fruits of trees. The life-history of a species 
known as Callirhylis semtcarpfolia has been partially worked out. 


Family V .—Chalcididx (Chalcid Flies). 

These differ from the last family in having elbowed antennae 
consisting of from seven to thirteen joints. The wings are without 
a system of cells in them; there is a single well-marked nervure 
running from the base near the upper margin, one short vein being 
given off from it. The insects are frequently of brilliant colour, and 
remarkable form. This family is one of considerable importance 
owing to the habits of its members. The larva are mostly parasitic ; 
some live in galls feeding upon the grubs which give rise to the galls ; 
others attack caterpillars, others pupa: only; some parasitise bees or 
Coccidx and Aphids and some deposit their eggs in the egg-cases of 
Blattidae. A few are known to prey upon useful parasitic Tachnid flies. 

Several speci.'s of this family have been reared from forest defoliating cater¬ 
pillars. Chalet's ei.platt (fig. qo) has been bred from some caterpillars of the 
families Lymantria and Dasychira which at times completely defoliate the sal in 
the Bengal Duars and Assam. Occasionally these caterpillars increase m incredi¬ 
ble numbers and eat off every leaf from the trees. This leads, afte- the insect 
has passed through 2-3 generations, to a similar large increase of the chalcid pest 
ow.ng to the exceptional abundance of its food-supply, and the caterpillars are 
nally decimated and the insect brought down to its ordinary numbers In the 
or^st again. The scale insects {Coccida) contain serious pests both to the planter 
and the forester, and observation has shown that many of these scale pests are 
parasitised b y chalcid flics, e,g„ Aphdinus the* is parasitic on the tea scale-bug 

' ,v ' 1 ‘T‘i‘ ni, “r- S ‘“ u,,isu 

Another E cLZ fl br ° Wh bug l£ * cauium «#«> of coflee, and so on. 
Another little chalcid fly (fig. Q1 ) ls p aras i t j c 0 „ the well-known cheroot-weevil 

1 uZT “"V 1 " ^'t* * ,«bj;;; r, h 

h .Zh ' • U c d TT e i EpCC,e3 of Chalcids have hten obtained from the larva: 0 f 

and blue'JLr AnTniun e^f’ Pol ^ ra ? hus ' and Pkyogenes. which infest deodar 
so ffiff ost i’Ljjf" mslan “ of an injurious species of this family is Pcrilamfius 

° n L e . 0r both ‘he Tachnid flies, T%?jy * 

bad ail defoliat.no. wfl!ch ar c parasitic upon the caterpillars ol* a 

“ d sal defoliating species of Dasychira (probably D. horsfiUi). 
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Family W.—Jchneumomdee (Ichneumon Flies). 

The ichneumons are insects with a long slender body and many* 
jointed antennae. The wings have a well-developed series of nervures 
and cells in them ; the space on the front wing separating the second 
posterior cell from the cubital cells is divided into two cells by a trans¬ 
verse veinlet (fig. 98 ah The female has usually a long protruding 
ovipositor. 

These insects are parasitic in their larval stages, their hosts being 
very often caterpillars. The egg is deposited by the mother in the 
body of the caterpillar. The larva on hatching out is a little white, 
legless grub, which feeds upon the fatty tissues of his host, the tatter 
eventually dying of exhaustion, though it may have sufficient strength 
to turn into a pupa first. When full fed the ichneumon grub spins 
a cocoon, which may be attached to the body of the dead caterpillar 
or may be free inside or outside of the pupal case of the host. It 
often happens that two or three eggs or a much larger number are 
laid upon the caterpillar by the ichneumon fly and then a number of 
cocoons are obtained from the dead caterpillar or from the pupa into 
which it has changed. The members of this family thus perform a 
very important service in the forest by parasitising and keeping 
down defoliating larva; and wood-boring pests, and in fact insect 
pests of ail kinds. At the same time they are also injurious to some 
extent owing to the fact that some species lay their eggs >0 and kill 
off useful predaceous and parasitic insects. 

The members of the genera Rhyssa and Thalessa «»re among the 
most remarkable of the ichneumon flies. These insects have oviposi¬ 
tors of as much as three to four inches in length, and are parasitic 
upon species of the family Siricidcs which, as above described, live in 
solid wood. The life-history of a species of Rhyssa* parasitic upon 
Sirex impertalis, already described as infesting spruce in the » ort 1 

Western Himalayas, has been partially worked out. 

The mature insect appears on the wing about the beginning of June. 9 

female is a fairly large handsome fly, black 
Life-Littery cl Riiyita •?. j n co i our w iih yellow spots upon the thorax and 

, pink spot on either side oi each segment ol the hod,. The insect is one inch 

in length with an o vipositor of one and-a-half inches (fi g. 93 )-__^ -- 

a n0 ,e „n * The habits of the l«v* and uMts of » nd Thahtta by th« 
oathoi in Natutt of August aut, ipoa. 




fto (m p*ge 60* 
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The larval and pupal stages of the ichneumon have not yet been found. The 
egg is probably laid by the female ichneumon nearer on the young larva of the sirex 
and the Rhysaa grub feeds upon the sirex larva as an external parasite. When the 
sirex larva is full grown the ichneumon grub pupates at the end of the tunnel bored 
by the sirex larva, the latter dying. When mature the ichneumon imago bores its 
way out of the tree by the shortest route. There can belittle doubt that this 
parasite is of the greatest service in keeping down the numbers of the sirex. ft 
appears to itself suffer when the wood-wasp larva has gone very deep into the 
wood, as the ichneumon fly has then apparently not sufficient strength to bore its 
way out of the tree, and dies in the wood after having gone a certain distance. 
The flies can often be found in this position in dead spruce trees. 

An ichneumon fly of some importance is Qphion aunolatu$ (fig. q±) which is 
parasitic upon the horse chestnut defoliator Acronycta anadina in the North-West 
Himalayas. The caterpillars appear in June and the fly apparently lays its eggs 
in or near them about this time. The caterpillar is full grown and pupates in 
August and then dies, the ichneumon grub, by then full grown, pupating inside 
the cocoon and chrysalis of the caterpillar (fig, 94, a). The winter is passed in 
this stage, the fly (fig. 94, b) issuing the following year, Species of Glypta and 
Pimpla (figs. 95 and 96) are parasitic upon the teak defoliator Hyblxza putra > flies 
having been bred out in the first week of September from caterpillars taken in the 
latter part of August tn the Nilambar Teak Plantations in Malabar, Another 
ichneumon parasite of some importance is Pimpla punctate? (fig, 97) whose grub 
is parasitic upon the silkworm Antherwa roylei and is also parasitic upon several 
species of Saturniid*, a family of moths whose caterpillars are serious defoliators 
in the forest. Other ichneumons are parasitic upon various species of bark-boring 
andwooddeeding b*,l« „f , he ,a m i.i, 5 B.pLid., BM^C.rZiZ^ 
SCQlyitdtTi etc # 


Family VII.— Braconids (Braeon Flies). 

These insects are very similar to the ichneumons. The antennas 
consist of many (nearly always more than 15) joints, and the wines 
have a moderate number of cells in them. They can be distin- 
guished from the ichneumons by the fact that the hind body has a 
much less degree of ,nobility of its segments and the upper wings 
differ, the series of celU running the wing being only three 

in the Ichneumonides, whereas they arc four in the Braconides 
and a centre cell beh.nd two and three is divided transversely into 
two in the former, but is undivided in the! latter (if fig. 98 a, b). If 

these distinguishing characters are rememDered the two families- 
can always be distinguish ed from one another. 
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The habits of this family are similar to the last, it being; believed 
that they are nearly all parasites. Usually they attack larvae, but 
they are bred in great numbers from pupae and occasionally from 
imagoes of other insects. Little is known about the Indian repre* 
sentatives of the family. The writer has bred out bracon flies 
from two scolytld bark-boring pests-— Scolytus major and S. minor 
— which infest deodar trees in the North-West Himalayas. The flies 
appear to lay their eggs in or on the larvae of the Scolytus. Fig. 99 
shows a species of Braconid fly. 


SERIES 2 ,—Hymenoptera Titbit lifer a. 

Trochanters undivided ; the hind body consisting of from three 
to five visible segments; the female with an ovipositor, which is 
usually tractile and envelopes a fine pointed style. The larvae 
usually live in the cells of other Hymenoptera. This is a small group 
in comparison with Parasitica, and Aculeala and is not of impor¬ 
tance here. One family is recognised. 


FAMILY VIII.— c hrysididse {Ruby Wasps). 


Insects usually of glowing metallic colours, with a very hard 
coarsely-sculptured integument; the antenna are r3-jointed and 
abruptly elbowed. The abdomen is of peculiar construction and 
allows the insect to roll itself up into a ball ; the terminal segments 
are telescopic and are usually drawn into the body. 


The ruby-flies do not attain a great size ; but are always noticeable owing to 
their brilliant colouring ; they are often to be found flying about Indian verandahs 
in the «unshine. A common metallic green species with a biue sneen is Cnrysts 
fumprnnis (fig. too), to be found all over -India and Fiurma up to 10 000 feet. 
This insect is parasitic upon three species of Enments (p. 71) laying its eggs in 

the larva: of the wasps. 


Series 3. —Hymenoptera Aculeata. 

Trochanters undivided; abdomen consisting of six or seven 
visible segments; female has a retractile sting. Antennae are usually 
, viointed in S , .2-jointed in $ . There are numerous exceptions m 
the ants. The larva: are legless grubs of soft consistence and ive 
either in cells or, in the case of the social forms, in the abodes of 
parents. The larvae of the ants and fossorial aculeata have the anterior 
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parts of the body long and narrow and abruptly bent so that their 
heads hang down. The pupa is always soft and gradually assumes the 
colour and hardness of the perfect insect. The bees, ants, and v\asp» 
are included here. 

Family IX.— Apidx (Bees). 

Usually very hairy insects, with elbowed antenna? {cf. figs, ioi, 
i° 3 )l the parts of the mouth are elongated to form a protrusible 
tubular proboscis (fig. *04) > the hind body is r.ever narrowed at the 
base into an elongated stalk as is the case in wasps and fossores {cf. 
fig- 103 and fig. 1 12) ; the basal joint of the hind foot is elongate, 
the tibiae and tarsi of this leg being usuallj broad [cf. fig. 103, b). 

There are no wingless adult forms amongst the bees; in the species 
which live in societies or colonies barren females, called workers, 
exist and carry on the work of the community. The food of bees is 
always obtained from the Vegetable Kingdom or from other bees, 
jt usually consists of pollen worked up in various ways, and in this 
connection the hind legs of bees are of considerable importance since 
they are largely used in the industrial occupations of these indefatig- 
able creatures, and in the female act as receptacles for carrying pollen 
to the nest. The tibia and the first joint of the hind foot are the 
parts most modified. Pollen is carried, however, by other parts 
of the body in many bees. The pollen is either carried to the nest in 
a dry state, in which case the hind legs are densely hairy, or it is made 
into a mass of a clay-like consistence when there are pollen plates 
present. 

As is well known, bees frequent flowers, but not to gather honey as 
is usually thought. They really extract the nectar which is almost 
pure saccharose. This they swallow and bring it up again in its 
required state. Probably all bees cat pollen whilst collecting it, and 
it is the pollen collected mixed with honey which serves for the food 
of the colony. 

The young of bees are always reared in cells and these cells (except 
in the case of the parasitic bees) are built by mothers or workers. 
The solitary bees store the cells with food and close up each cell 
after having laid an egg in it, so that in these cases the grub feeds 
upon a store of food previously provided for it. The social or colonial 
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bees {those living in hives, open combs, eta) do not close the cells in 
which the larvse are placed, but are fed by the workers very much 
in the same way that nestling birds are fed by the parents, The 
food is honey and pollen mixed in proportions which vary for 
different species ; the honey seems to be specially suitable to the 
young larva;, as those bees which make closed cells place on the 
top of the mass of food a layer consisting principally of honey, which 
layer is first consumed by the young grub. The larva reaches its 
full size in a very short space of time, but rests for a more or less 
prolonged period before transforming into the pupal stage. The 
pupa shows the antennae, wings, legs, etc., of the perfect insect very 
distinctly, the development of the latter being quick. Some larvae 


spin cocoons, others do not. 4 * , t 

There are a large number of parasitic bees, t*e, t bees which lay 

their eggs, either one or more, in the cell of a working bee of a 
different species. The larvae developing from these eggs grow more 
rapidly than those of the host and so cause the latter to die of. starva¬ 
tion. In some cases the parasitic larva ends by consuming the 

erub it has robbed, before pupating. „ 

It will be sufficient for our purpose here to consider the followi 0 


^ The Parasitic bees (Denudat^e), Carpenter bees 
pedes) Mason and Leaf-cutting bees (Dasygastres), and 

Social or Colonial be « (Soc'ales). soli bees 

The Parasitic bees (Denudat^c) are long j 

with no pollen-carrying apparatus. I hey Uy t «r eggs ^ A 

other bees and often have a great resemblance to their hosts. A_ g 

rhose known in India are Stelis parvula and S. f°r n “[ a > thc 
t i ■ Nothing is known of their habits. 

being shown in fig. 10-. Isog Carpenter bees {Xyhcofa), 

■ The SCOPUUPEDES mclude^ ihe^ Carpen^ ^ ^ 

long-tongued s°'* tar y v fche Ur est an d most powerful of the 
^r a Td a iswell represented in India! They 

robust’ build, with shining intrguments more or loK cov "' J‘ b 

hair. They are known as carpenter bees from the habit p 
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[to fee page 64 * 





























65 


A MANUAL OF ELEMENTARY FOREST ZOOLOGY. 


some of them of boring into dry timber. They will not touch living 
wood nor will they tunnel into rotten wood. Sound seasoned timber 
appears to be what they prefer. They bore a cylindrical tunnel into 
the wood from which three or four parallel galleries give off in which 
broad cells are placed. These cells are always isolated by a partition 
formed by cemented fragments of wood which are cut out by the bee. 
Little is known about the life-histories of our Indian species, nor do we 
know how many generations they pass through during the year. 
Xylocopa talipes , depicted in fig, 103a, is a large dark blue and 
green Xylocopa widely distributed throughout India and ranging down 
into China and the Malayan region. It tunnels into s&l wood in 
the Bengal-Duars, occasionally causing serious damage to the rafters 
cf the tea factories and other buildings, whilst it has also been 
found boring into padouk, imported from Rangoon, in Calcutta 

Ifig. 103 c) and into teak in Rangoon. 

Xylocopa chloroptera is the common carpenter bee of East India, 
Burma, Moulmein, etc. It selects hollow bamboos for its cells, 
connecting together pieces cut out of the interior partitions of 
the bamboo and using them as horizontal partitions inside the bamboo 
to separate the internal cavity into cells. This species is much infested 
with a small chalcid parasite (Encyrius), of which as many as 
300 specimens of the fly have been bred from a single larva of the bee. 

The group Dasygastres includes the mason and leaf-cutting 
bees. In these bees the ventral surface of the hind body in the females 
is densely set with regularly arranged hairs by which the pollen is 
carried. In many, as in Megachile, the labium is very large and in 
repose is deflected on to the lower side of the head. This group 
includes some of the most interesting, and, perhaps to the general 
public, some of the best known of the solitary bees. The mason and 
leaf-cutting bees are well-known in India. 

The leaf-cutting bees cut elongate or circular portions out of green 
leaves to form the partitions for their cells. A well-known Indian 
one is Megachile anthracina [fasciculatis], depicted in fig. 105, It 
cuts long pieces out of rose or pulse leaves and forms its cells of these, 
a circular piece being cut to serve as the lid. These cells resemble 
an ordinary sized thimble. Horne states that in one specimen 
examined by him thirty-two pieces of leaf disposed in seven layers 
were uaedjor one cell, in addition to three circular pieces for the lid. 
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Some kind of gummy material is believed to be used to keep in 
place the pieces forming the interior layer. This is not, however, invari* 
ably the case, as in a species found by the writer in a tunnel in blue 
pine wood in the Himalayas the leaf pieces used were merely tightly 
wedged in their places, The cells are placed end to end as shown in 
fig, 106 a, b, five to seven cells forming a series ; four to six series are 
believed to be constructed by one pair of this bee, the mass being placed 
in a hollow in masonry or some similar position. Each cell when 
completed is half filled with pollen and an egg laid in it (see fig- b). 
This bee is much infested by parasites and is also eaten by the Grey 
Hornbill (Meniceros btcornis)* A Lower Burma species of Megachile 
makes its nest in the young shoots of teak saplings, entering by a 

hole at one side. One generation of the fly issues towards the end 
of January, 

Megachile lanata x shown in fig t 107 a, is the common bee found in 
Indian houses, and especially verandahs, Horne states that both 
sexes take part in constructing the cells. These cells are formed of 
clay (fig. 107 b), and a hollo w cavity of almost any kind will be made 
use of; the back of a book, an empty punkha-rope hole in the wall ( 
the barrels of a rifle or gun, etc., are often found tenanted by the cells 
of this insect. 

The Social bees (SOCIALES) include the genera Bombus, Melipona 
(Trigona), and Apis, 

Bombus or the bumble bees are more like wasps in their habits 
chan bees in that the societies die off at the end of the season, only 
a few females living through the winter, each of which starts a new 
colony the following spring. Bombus orientalis is a large black, 
yellow, and red bumble bee, very common about Darjeeling. It is 
shown in fig. 108. Males, females, and workers are present in the 
nests. Tb se latter are found in the ground amongst moss, leaves, etc. 

Melipona includes several species of very small bees which are 
common in India, although little is known about their life-histories. 
They are stingless bees, building their nests in old walls, etc.: the nest 
is formed chiefly of chewed resin. They produce honey and wax 
in considerable quantities, but no attempt has ever been made to 
domesticate them. Melipona (Trigona) tkoracica (fig. 109) is 
common in Tenasserim. M. indipennis , another species, has been 
taken at Barrackpore^near Calcutta and is also common in Burma. 
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The genus Apis contains the wild honey bees par excellence of 
India. In these bees we get the three forms of male, female, and 
worker. The males are the drones and do not work. Neither the 
male nor female take any part in the provision of food either for 
themselves or the young. The colonies are permanent, i.e. t they do 
not end at the close of a season, the formation of a new colony taking 
place by what is termed ' swarming.* This swarming of bees is not 
a nuptial flight as is usually supposed. The swarm consists of 
one female and a number of workers. These workers build the new 
comb. The comb consists of a number of hexagonal cells, consisting 
of wax, intact with one another at the sides. The queen lays an egg in 
each cell, and as these hatch the young larva; are fed by the workers. 
Some of the cells are used for storing honey in. The fertilisation of 
the young queen takes place during a solitary flight after the swarm 
has settled down. Three species will be considered: Apts dorsata, A 
indica , and A. fiorea. A. dorsata is the big bee shown in fig. 101, It 
constructs large nests consisting of a single semi-elliptical comb of as 
much as five feet across and two feet deep, either suspended to the 
under-side of the branches of lofty trees or to portions of buildings or 
attached to the rocks of precipitous cliffs, as, for instance, at the 
Marble Rocks on the Narbada River near Jubbulpore and in the. 
Ajanta Caves, Bombay, This bee can be recognised by its size and 
elongate body. Its sting is very poisonous, being most deadly in 
the hot weather and often resulting in death to Europeans if it.- 
dieted in numbers when the blood is in bad condition. That this is 
invariably so in the case of the jungle tribes of the country is doubtful, 
as the writer has seen Kols and Santals with many stings in their 
bodies, but apparently suffering no inconvenience therefrom. This bee 
is very difficult to dislodge, as it will return again and again to a 
chosen site, thereby greatly disfiguring buildings. Arches in the Taj 
Mahal at Agra were at one time greatly disfigured by the combs of 
this insect. 

A. dorsata appears to be common all over the country and is found 
up to over 7,000 feet in the Himalayas. When disturbed it will 
attack, with the utmost fierceness, both man and animals. There is 
a considerable trade in its honey and wax, but to obtain them the 
comb has to be destroyed, and the natives are very careless in their 

P a 
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method of collection, pressing the whole into great balls containing 
pieces of twig, dirt, and other impurities. It is doubtful whether this 
bee can ever be domesticated. Should it prove possible, there can 
be little doubt as to the great commercial value it would have. 

Apis indica (see fig. no) is a smaller bee, whose habits are similar 
to those of the European A. mellifiea . It builds in hollow trees, holes 
in walls, etc. Bingham states that in Burma, where no species of 
honey-bee is domesticated by the Burman, he has more than once 
seen a house (the houses are chiefly built of wood) rendered nearly 
uninhabitable by a swarm of A. indica taking possession of the hollows 
under the wooden staircases or of the space between the outer walls, 
when these were built double. 

The honey of A. indica is particularly sweet, and attempts have 
been made to domesticate it in various parts of India, including parts 
of Bombay, the Kuram Valley, most districts of the Himalaya*, and 
Assam. In the latter province the matter has been taken up by the 
Agricultural Department. The method of rearing as practised in the 
Khasi Hills is crude and not unlike the old system of rearing bees in 
skips practised at home. Attempts are being made to introduce the 

bar-frame hive, 

A.Jiorea (fig. in) is the smallest of the bees; it is about the 
siae of a small house fly and builds its single comb on the branches of 
trees or in bushes or under the eaves of houses. Its honey is very 
sweet, but is in too small a quantity to be worth cultivation. 


Family X,—Diploptera (Vespid^e) Wasps. 

The wasps can be easily distinguished by the fact that when they 
are at rest the upper wings are longitudinally plicate, that^ is, longi¬ 
tudinally folded down the middle. This is well depicted in Sharp s 
drawing of Eumenes flavopicta , a Burman solitary wasp shown in 

fig. 112. The trochanter is simple, the antennae elbowed, the eyes 

reniform, and the mandibles long and projecting. , 

Tbe wasps are either solitary or social, and some ave 

forms: males, females, and workers. . 

The solitary wasps ( Eumenidx ) are more numerous _ ^ 

social ones, though perhaps leM Je middle *!bi« 

distinguished by having the claws of the foot bifid, 
having only one spur at the end. There are no wot ers. 
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A common Indian solitary wasp is Eumenes eonita (fig. :* 3 ) 

which constructs clay nests with very delicate walls. In these nests 
about a dozen green caterpillars are placed in a mass together, there 
being only one cell. It apparently usually selects light-green 
caterpillars for provisioning the nest with, although occasionally 
dark coloured ones maybe found. An egg is laid in the nest and the 
larva on hatching out feeds upon the caterpillars. This.wasp is 
much attacked by parasites, one of which is the cuckoo-wasp, Chrysis 
fuscipennis, mentioned above. Ody nevus punctum, another lodiau 
species shown in fig. 114« makes use of holes in doorposts, etc., 
especially vacant ones made by large nails or screws. The hole is 
filled with provisions and the orifice is then covered over level with the 
surface of the wood so as to escape observation. This genus is said 
to be destroyed by Chrysididse. The members of the genus 
Rhyncbium also prey upon insects, usually selecting the interior 
of stems for their nests, R, brunneum (fig. 115) makes use of 
hollow bamboo stems. Horne records a case in which a female 
of this species took possession of a stem in which the bee 
Megachile lanata had already built two cells. The ivasp first 
constructed a partition of wood over the spot occupid by the beei 
this partition being similar to that which it makes use of for 
separating the space intended for his own young. This species 
stores caterpillars intended for its young, and this is also the habit 
of another Indian species, R, nitidulum. This latter wasp con¬ 
structs clay cells, similar to those of Eumenes, which it fixes firmly 
to wood. 

The social wasps (Vespidse) live in colonies, as in the case of the 
social bees, consisting of males, females, and workers. They build 
ingeniously constructed nests consisting of a paper-like substance 
composed of chewed wood or bark. These nests consist of one 
or more horizontal combs, each composed of a number of prismatic 
hexagonal cells open at their lower ends. These contain the larvse, 
one in each, which thus hang head downwards. The whole nest may 
be surrounded by a firm or loose covering. The larvae rtc fed upon 
chewed insects. The whole population of the nest dies in the late 
autumn, with the exception of the young fertilised females. These 
survive through the cold weather months, and in the spring set about 
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founding a new colony. The female commences the new nest by 
partially constructing a few cells and laying an egg in each (c/. 118). 
She then continues the building work until the young larvx hatch out. 
These she is supposed to feed upon saccharine matter at first, 
subsequently giving them chewed insect food. In the intervals she 
continues the construction work and egg-laying. This, however, 
naturally progresses slowly as long as the larvae have to be fed. 
When these latter are full fed they pupate, and after a short time spent 
in this stage the adults issue and at once cany on the construction of 
the nest, as also the feeding of the larvx, and perhaps of the female 
herself who no longer engages in any work save egg-laying. The 
adult wasps feed chiefly upon sugary matter and fruit. 

The nests of the Vespidx are very elaborate structures formed of 
quite a different material to those of the bees. These latter, as we have 
seen, secrete wax and use it to build the comb, whereas the wasps 
make use of paper or card which they form from fragments of 
vegetable tissue, more especially woody fibre, amalgamated by means 
of cement secreted by glands ; these vegetable fragments are obtained 
by means of the mandibles. In the case of our Indian wasps' nests the 
whole is enveloped in so solid and beautifully constructed an envelope of 
papier-mach£ (fig. 116 a) that they are enabled to pass through the 
heavy monsoon rains without injury. In most of the nests of the 
Vespidx the comb containing the larval cells (c) is placed in stories, 
one above the other, the stories being in some cases held up by pillars 
(b) made by the wasps, supported either by a branch or by the 
outside envelope, communication being effected by a hole in each 
layer of the comb, e.g., as in Vespa velutina (fig. I id), or there 
may be only one mass or comb, as, e.g., in Poltstes (fig- n®}. 
The eggs are laid in the cells when the latter are only partially 
formed. The subsequent building up of the cell being accomplished 
as necessitated by the growth of the larvx. The changes to pupa and 
image take place after the cell has been entirely closed. 

Perhaps the commonest of Indian social wasps is the yellow 
Poltstes hebrseus (fig. 117)- Everyone knows the beautifully 
constructed papery nests of this insect. This wasp is particularly 
addicted to buildings and will attach its nests to rafters, door frames, 
in fact woodwork of any description or to almost any convenient spot 


HATE HU. 


0 




m 


:> ' v _ *t 


£c"l 


Itll 




F^H, * LUfcq, U*p^ x OoUe^t, tUr^. 


Fho*o.-Zliwe. ( Kov«ab«, lK4«»HaM7_i. 


116* Phyn^hium brumuam. 

116, of the waap, Vtspa at fating a* portion of the p*pt«*tnaeh£ envelope or cover- 
Jng (the rent Ha» been removed) ; b , pillars eupperung comb ; <r, Moriea or layer* of 
™ cotnb containing larval cella. J 

117* PoliiUs hibratus* 

118. Partially formed neat of P. k*br<uui with a wup clinging to it. 

119 a Vtsjxt oruHtaiiSt 

[to face page 70, 














A MANUAL OP ELEMENTARY FOREST ZOOLOGY. 




from its own point of view. The nest is unenclosed in any envelope ; 
the hexagonal cells form an irregular comb or mass which is attached 
by a stalk near its centre, or more correctly the nest is constructed 
from a central basal attachment, the cells being so placed that their 

mouths look downwards. Fig. 118 shows a partially formed nest of 
(his insect with a wasp clinging to it. 

Vespa valutina, the Indian hornet, builds nests of several feet in. 
length, which are inhabited by a very large number of individuals. 
Fig. ,i6 shows a fine nest of this species. The outer envelope is 
partially removed to show the formation of the stories of the comb. 

The Indian hornet is very fierce when roused and will follow 
its enemy for miles even through dense jungle. Its sting in the hot 
weather is dangerous and may have fatal results in a similar manner 
o that o Apis dorsata. Vespa magnifica is the common wasp of 
the Himalayas from Simla to Darjeeling, extending into the hills of 
Assam, Burma, and Tenasserim. Vespa oHenialis, shown in fig. 119, 
is to be found in the Punjab and United Provinces. 

Family XI .—Fossoria (Sand-wasps). 

Smcoth.bodied insects, often long-legged and very like wasos 

iTJ eLtd 7 a The'f r ''T Uhed * havin « ar, tcnn.e cuXd 
r ul T h front win e s are not longitudinally folded. 

«* ? „ 

no special receptacles /or their vouno k,; 1 ,° f P ,an,s S ott) er> form 

making -use of ihe abode, of other insects hote'etr ? S01ni 'P arasft «. or 

the cells, holes, etc,, being filled with insects, which the^emSe Tt CarniV ° r °' ,Sl 

paralyses, to serve a s food for her young " ' first St,nfis and 

'r sc »—■ *•* 

t r.„ r IM) is , co “;° o ”' ™ *“* " d w 0< red a „d yellow, 

about its habits. d and Burme9e species. Little is known 

l ‘ halu * l«) provSonsTts nwttith O^JthZu ** '° nstri,ct mud cells * Sphtx 

Brochyirupes aehaiinnt {vide page 42 subra\ ^ largC noxious cricket 

manner. Pehpaus (SceliphrJ) madrasb/iZlZT ** nr,ade ,,se of •" *W» 

India, is the common nrnd-dauber. It builds its eli g * , I8 ‘ a) ’. COramon in N °rth 

house, thecellsbeing4* in number,and s ochs tSf “" 9 aM over the 

Z T tTS ‘ The edifice w^n completed t d £ * * W ‘ th about . a score or 

of mud. mpietea is disguised so as to look like a daub 
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Ampulex compressa (122 b) does not construct any special cell but makes use of 
holes which it provisions with cockroaches. 

Family XII —Formicidm (Ants). 

The ants can be distinguished from other Hymenoptera by the 
fact that they have a construction in the stalk which joins the abdomen 
to the thorax. The antennae are elbowed; the trochanters are 
undivided. The individuals of each speci.es are usually of three kinds: 
males, females, and workers; the latter have no wings, jbut the males 
and females are usually winged, though the females soon lose their 
flying organs. They are social insects living in communities of 
various members, the majority being workers. The larvx are helpless 
maggots, fed and tended by the workers or by the female. The pupae 
are enclosed in silken cocoons. These are the 60*called ants eggs, 
which may be seen in tine weather exposed on the top of the nest to 

the warmth of the sun’s rays. , 

vnts build nests which consist of passages and chambers dug ou 
in earth and rotten wood, stumps of trees, etc., or they build in the 
crowns of trees or bushes amongst the leaves which they fasten 
together. The burrowing ones generally pile up the earth they dig 
out in hillocks above the surface level. 

The two most important sub.famil.cs of the J 

haveonly one knot m their pedunc fg.^ tvo Wel |. maT ked knots in the 

furnished with a 1 ab domen being usually furnished with a sting. 

peduncle (fig. 1*3 B * a > , vicious red ant, CEcophylta smarag- 

An example of the Formicdes is the large vicious j ^ which are 

dina, of India. Tins t tea'no material with which to fasten the leaves, 

fastened ^ possesses glands secreting a sticky substance, 

and » makes> use ofthe^a V while oth ers holding the larvx m their 

fa^r"; in fig m use Them to moisten the edges of the leaf. Th.s ant - 

a Th"bi^ h :nt' S' “v:i 

kills the lac insects, often causing senoiwjn^ y ^d u(v ^ Mono phlebus scale- 
found sucking the sugary secretio 1an?e fierce ant, Sima rt*fo~ 

insect. Among ,1.«,-»<» W » "»ncod a Ur go , he insect 

-goo (fig. ..Oi caiict. U» - “ r J i „ te its nos. in d«d 

having a red thorax and black heaa ana uw y 
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wood, and is often found in old longicorn borings in sandal wood trees in 
Coimbatore and Mysore. Its sting is very painful. It is equally common in 
the north of India. Bingham writes i 4 S. rufo-nigra makes its nest in the dead 
wood of trees and very often, in Burma at least, in the clefts of the beams 
and posts of the wooden rest-houses scattered over the country. Personally I 
opened and examined only one nest and that was in a hollow in a Pyinkado tree. 
The hollow was low.’ The common red antoftha plains of India is Sotenopsis 
gtmminatHs (fig. 137), which lives in large colonies in nests in the ground, under 
stones, etc. It constructs partially covered ways across roads and is often to 
be seen carrying off dead insects. It has been reported as attacking potatoes and 
may be found to do damage in nurseries. A largish ant with reddish head and 
dark abdomen, called HoUomyrmtx scabrUeps ffig. 128), is a granary ant and 
builds its nests in the ground and stores up grass and other seeds. Quite large 

hjaps of grain are collected by these insects, which they may feed upon or simply 
a low to ferment and then feed upon the;sugar contained in the fermenting mass. 

The sub-family Dorylin* with large yeliow-winged males and small flattened 
ye low workers are carnivorous hunting ants. There is a curious exception to this 
8 “b*fam'ly, however. The ant Dorylus orientals (fig. 129) feeds upon 

taKo?* h fA" g . n ° b !f r , vecl at ‘*cking both potatoes and cornflour plants 
in the Botanical Gardens at Calcutta. ^ 

th ants * re in the hab!t of . keeping Aphid* (plant lice) in their nests, which 

they us« much as we use cows, sucking up the sugary secretions they emir 

Useful Hyntenoptera. 

rir ?. t; r - t 
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ttsr, 
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(a) Insects useful b ecause ihev a» 
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bark*borers, such as the blue pine Polygmphus, Pityogencs, and the deodar 
Scolytus beetles, and this is but a commencement in the great field ready 
for exploration* The next family of use to man are the Ichntumonidce or ichneu- 
mon'fhes/whith are par excellence a parasitic group, and more especially attack 
the caterpillars of Lepidoptera. Numerous wild silkworms are subject to their 
attacks, and amongst forest defoliating caterpillars kept in check by them may 
be mentioned Lymontria\{$tveTd\ species), Dasychira t Acronycta. Hyblcea puera t 
etc* Future observations will add many more to the list* The family are of 
use also in keeping the wood-boring grubs* both coleopterous and hymenopterous* 
in check* the genera Rhyssa and Thahssa being of particular importance in this 
respect* A species of one of these genera is parasitic upon the Indian sprure 
iirex. The Br<\conidcs f or supple mentary ichneumon flies, as they are sometimes 
Called, resemble in habits the Ichneumonida% and they are of interest in the forest, 
since already species have been found parasitic on the larva? of the Scolytus deodar 
bark*borers f and researches will probably show that there are many other similar 


cases. 


The Diplopttra (wasps) and the Fossoria (sand-wasps) both paralyse and lay 
their eggs in caterpillars and other insects, and therefore are of some use in keep* 
ing down pests* The sand-wasps also attack grasshoppers, probably several 
times their own bulk, and lay their eggs in them* 

Little is known about the Scolttdcs in India* but in Madagascar a species b)^ 
its eggs in the rhinoceros beetle (Oryctes) which attacks palms* It maybe found 
that a species infests and keeps in check the Oryctes in India where it is a serious 

pest at times. 

Amongst the Forrhicidte present available information does not show that they 
are of much use. The bamboo ant, (Ecaphylta smaragdina, feeds largely upon 
caterpillars, and so is possibly of some use in keeping down defoliating pests* 

An example of group (b) is the cnatcid fly, Perilampus sp„ which is parasitic 
upon the useful Tachnid flies (Trycolyga and Masicera) which parasitise the 
caterpillars of noxious species of Dasychira. 

The Apida must be classed amongst the useful Hymenoptera , not on account 
cf anv predatory habits, but owing to the fact that they furnish man with certain 
products such as honey and wax, which add to his food and comfort- There ss 
vet another and important part played by this family in nature. Bees undoubtedly 
helo largely in the distribution of pollen, and therefore in the fertilisation of the 
flowers of trees and shrubs, and consequently in the continuance of vegetable 
growth- It is not improbable that the family is of great service to the forester in 

4 Taken as a whole, the Order may be looked upon as one of considerable 


utility to man# 
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Chapter VII. 


Order V,—Coleoptera. 

The Coleoptera or Beetles appear to be ivingless insects, but have 
really four pairs of wings. The upper pair, which are caller! the 
‘elytra,'are hard and licrny and shelUike, fitting accurately together 
over the back, thus protecting it and the lower wings,- which are 
folded beneath them and are membranous. Fig. 130 shows a beetle 
with the right elytra in the position ol rest, the left one being held 
up so as to set free the under wing. In the mouth mandibles 
are present, and the lower lip is divided along the middle. The 
metamorphosis is complete. The larva is grub-tike, and changes to a 
pupa in which all the parts of the perfect insect are distinguishable, 
but are still white and soft. 

The beetles are one of the largest and most important of the 
Orders of Insects as well as being one of the most injurious in the 
forest. Both larva: and imagoes bore into the bark and timber of the 
boles of trees (and also into the branches and roots) and lessen or 
destroy their value. They also girdle branches and kill them, feed 
upon and defoliate the leaves, and burrow into and destroy the seed. 

Beetles are chiefly distinguished from other insects by the solidity 
of their outer covering and by the peculiar nature of their first pair 
of wings, which are not used as instruments of Bight, but merely 
serve to protect the hinder part of the body. Beetles are not found 
on the wing as much as other insects, and therefore, notwithstanding 
their enormous numbers, they are not met with so frequently as ants 
ees, flies, etc. The number of species at present known is probably 
about 160,000 or thereabouts, and their habits are so varied that they 
can be found everywhere when looked for. X 

Th/11 e ^I neiaI .? r J m T' eS mUch from flat **Pt>erical to long-l.near. 
The head is well developed, with a biting mouth ; compound eyes 

eyes} arefrar' "a*! uncoi «mooly divided. Ocelli {simple 

laUer Z ' '“"f cleven ‘i°inted or with fewer joints. These 

The structure* V th t* 1 ? "* ° f im P orUnce in classification, 

structure ol the hard parts of the skeleton is of importance 
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since the classification of the species is entirely based upon it. The 
prolhorax is very free and is therefore capable of considerable 
movement independent of the after-part of the hody. The meso* 
thorax is much reduced. The meta-thorax is largely developed in 
winged forms. Fig. 131 shows the under surface of a beetle with the 
different parts named. It is essential that the student of the Coleoptera 
should make himself thoroughly acquainted with the nomenclature of 
the different parts. The elytra frequently have a remarkable sculpture, 
the use of which is unknown. When the elytra are shut up, they 
cover the greater part of the meso- and meta-thorax, abdomen, and 
the lower wings. At the basal point of juncture of the elytra there 
is a triangular portion called the scute Hum, which forms the upper 
part of the meso-thorax. The elytra may leave a few of the posterior 
segments of the body exposed. These elytra arc of such importance 
to the beetle that they are even present in cases where there are no 
lower wings. When this occurs they are often joined together down 
the central suture so as to form one piece, though the line represent¬ 
ing the junction is always present. When a beetle flies the elytra 
open slightly upwards, letting free the lower wings {vide fig. > 3<>)* 
In the common rose-chafer (the green metallic-looking flat beetle 
to be found upon roses) where the elytra are joined together, they 
are merely lifted up; when the elytra are absent, as occurs in 
some beetles (Teuebrionidx, etc.), there are no lower wings 
ore sent. The nervures or veins in the lower wing are broken up 

allow of their being folded up under the wing covers. The number 

of tarsal joints present varies from 2-5. One may be hidden and is 
«n!v seen on dissection. For classification purposes only those 
visible are counted. Some of the tarsal joints may be b.-lobed ; they 
are^et with a spongy felt-work of hair ,o heip the insect, to walk 

There is'often a considerfble difference in the sexes amongst beetles. 
There may be either a difference in site, the i being smaller tha 
o lr an increase in size of the ante,mm in the males or an enlargement 
of the interior tarsi; occasionally the number of joints of the tarsi vary 
", the two The oily music produced is chirping or squeak, ng by 
Uhino two files together. Phosphoretic organs are present ,0 
"rms a^fire-flles. These consist of masses of ceils connected 



nm *>ir 



I30> A Coleoptero’JS Insect (JJtlioceprit dommus). The right elytra in in the pwiiinr. 

of rut, the left one is elevated allowing the lower wing to be spread out in (he 
position of flight* 

131* Under surface of a beetle (leg# and antenna of one side and some parte of mouth 
removed*) A* antenna; B, mandible; C, labium; D, ligula ; fi, paraglossa ; F, 
S i * nncr l°he of maxilla ; H t outer lobe of maxilb ; 1, maxillary 

palp; K| men turn ; L t gena; M, gula ; N, buccal Assure; V, platen of ventral 
segments I, P roe tern uni; 2 % prostcmal eptatemum ; ^ problem a! cpimcron ; 

^tenor and middle coxal cavities j indexed aide of prothor&x ; 6, mesoster- 
num > 7^ ttWOitemal cpistcrnum ; 8, mctoBtemal epimeron ; g, m e taste rn um ; 
IO » P 0 ®*^ 1101 * division of metaxiernmn or antc-coxal piece; ll, metatiternal cpistcr- 
nutn ; I3i metxslemal epimeron; epipleuron or indexed margin of elytron ; 
I f 1 spiral or ambulatory eet»; ij, trochanter; 16 , posterior coxa; 17 * femur; 
IS, Ubn ; 19, Utfus* (After Sharp), 

132. Coleopterous Uiv«. o, LatimtaUmnt sfl. (Sumbcidae) ; b, Tknnaiimu* himala- 
ytmtu (Clendse) ; t, SyhtncpUra eosiypit (Bupratidse) ; J, Elattr sj>. (ElateridoO ; 
*• b* sptnieornii (Ceram by cidse) 5 / Scolyimt minor (Scolytidac); 

‘ /, Cyrfatracfulut bngtpu (CurculionidjeV 

[to face page 76, 
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with a fatty body and are freely supplied with air. The light 
produced is caused by the oxidation of proteid matter. These organa 
are situated on the abdomen. 

Tlic larva is grub-like, with a distinct head and jaws; some¬ 
times antennae and six legs are present. They have no special boring 
apparatus and the sexes arc distinct. They usually feed at night 
and upon all sorts of substances. Beetle larvae are sometimes 
parasitic upon other animals, but this is not usual. 

Owing to the difficulty in rearing Coleoptcra less is perhaps 
known about theli life-histories than of those of other insects. In 
India, until within quite recent years, the information on this subject 
was practically non-existent. As will be seen from descriptions in 
the following pages and in fig. 132, the larva: of the Order vary 
considerably in appearance. 

The pupa or nymph is quiescent and usually enclosed in a rough 
cocoon. It is usually white in colour ; fig, 133 depicts various cole¬ 
opterous pupae. The adult may live near the cocoon without move¬ 
ment for some time after emergence whilst its outer layers of chitin are 
slowly hardening (this will be found common amongst Bupresiidee, 
Cerambycid*) and the bark-borers, Scolytidx), The beetle when 
found in this condition in the pupal chamber is yellow or light 
brown in colour, changing to dark brown or black before it finally 
emerges from the tree 


The initial classification oi 


1 iic imudi uaaaiuvdLiuu ui me acpcnas Upon too 

rumber of tarsal joints present on the feet. There are four great 

groups, and these groups are again divided into series as follows ;_ 

f Series Lamnellicortiia, —Antennae with the 
I terminal joints broader on one side so as to 
form a peculiar club, the leaves of which are 
often movable. 

Series Adephaga \ 
or C 

Carabotdea.— ) 

Series Clavicornia.— Antennae usually thick¬ 
ened at the tip or knobbed. 

. Series Serrtcornia, —Antennae usually serrate 
^ along their inner edge. 




Pentammera, e 
tarsal joints pre-*? 
sent on all the 
legs. 


{ Antennse filiform or nearly 
so. 


?S 
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Heteromera, 1st 

and 2nd pairs of I Black or brilliantly coloured beetles, often 
legs have 5 tarsal L wingless. The families Tenebrionidse and 

joints ; the 3rd j Cantharid* only will be considered here, 
pair have 4 on|w- r 

f Series Phytophaga. — Head not forming a de- 
Tetramera, 4 f finite prolonged beak. 


tarsal joints pre- ^ 
sent on all legs. 


Series Rhynchophortt .—Head more or iess pro¬ 
longed in front to form a snout or beak 
^ (rostrum). 

ITimera, 3 tarsal S g ma jj ova i beetles, often spotted. The family 
joints presen on ^ Coccinellidse only will be considered here. 


all legs. 




Pentammera. 

Five tarsal joints on all the feet. 


Series I.— Lamellicomia, 

Antenn# with the terminal joints, called lamella, usually three in 
number (sometimes more), broader on one side, forming a club, the 
leaves of which are movable, but in repose look like one piece, as they 
are held close together. Fig. 134 shows several forms of lammellicom 
antennae. ' The families Passalidse , Lucanidx, and the Searabxidx 
are included here, the form of the leaves of the club of the antenna 
varies in shape in these three families. The larvae have a horny head, 
large jaws and three pairs of legs, and are thick, clumsy grubs with 
curved bodies, the last two segments being of larger size than usual 
and often swollen out in abagdike manner (fig. 132 *)• Many of them 
possess organs of stridulation. The larv* feed on decaying vegetable 
matter, roots, or dung. They live either in the ground or in the 
decaying wood upon which they feed. 


Family I.— Passaltdee. 

The upper lip is large and mobile ; and the mentum is deeply cut 
out in the middle. The antenna: curl upwards and the plates at the t • p 
are thus brought together. These beetles are usually shining-black ,n 
colour and are abundant in decaying uood in tropical forests. Ihe 
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larva appears to have only four legs, the ist pair being short processes 
which are used to produce sounds by scraping over a striated surface 
situated on the next pair of kgs, 

Lcptaulav dentalis (fig, 135} b a common insect of this family with a black 
shining thorax and longitudinally ridged elytra. It is abundant in rotten wood 
in the Assam Duars forests and submontane tracts of Bhutan, It has been taken 
in sal and semub 

BasiUanus andamanensis is said to be common in rotten wood in the Andamans, 
and PUurarius brachyphyllus (fig, 136) lias been taken by the writer in rotten + 
stumps in the Ootacamund Hills, 

Family II,— Lucanid# (Stag-beetles), 

The Stag-beetles are well known owing to the enormous horns 
present on the head. These horns are only greatly developed 
mandibles and are only present in the male beetle* The upper lip is 
small, and the mentum is not cleft* The antennal end consists of a 
fixed cone which is rigid and does not open and close (134 b), The 
male is usually larger than the female, but the individuals of both sexes 
vary greatly in size (cf. fig, *37). Five ventral abdominal segments 
are visible. The larva has the last two segments of its body swollen 
up in a bag-like manner (133 a) and lives in decaying wood and roots, 
spending several years of its existence in this stage* The pupal stage 
is a short one, but ihe perfect insect may remain quiescent for some 
time after chauging from the pupal state before it becomes active* 

The Indo-Malayan and Austro-Malayan regions are richest in these beetles. 

The common Stag-beetle of India, to be found atl through the outer Himalayas 
and submontane tracts, U Lucanus tunifer, a dark greenish brown beetle shown in 
fig* T 37 * The female is devoid of the enlarged mandibles of the male (fig. 13S 

In the outer Himalayas the mature beetles are to be found in June and July, 
It is probable that they issue irregularly during the summer months* as the writer 
has found in July fully-developed larvje just pupating and also mature beetles* 
Some years ago larva, probably those of Lucauus lunifer, were reported as tunnel¬ 
ling into green living oak trees in Naim Tal. Owing to their queer swollen 
bag like extremities it is extremely improbable that these larvae are capable of 
tunnelling into green hard wood. It is probable that if boring was dohe in hard 
oak timber* longicorn larv:c were responaible, and the stag-beetles may have 
taken advantage of the galleries to lay their eggs in the ones whose edges were 
rotting and thus becoming softer* The writer has found numerous-Instances of 
* cay ing oak, etc,, stumps full of these larv^, but no instance of hard green wood 
being infested, The larvae take several years to reach their full size 1 they then 
pupate in a cocoon constructed of chips of wood* 


So 
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Lucan us cantoris is another common species. It I9 to be found plentifully at 
elevations of 4,500 to 6,ooo feet in the Eastern Himalayas in April in decaying 
Betula cylindrostaehys. Cast anop sis tribuhidcs, and Symphcas t heat folia trees. 
Beetles were taken in July. It is also present in the Western Himalayas. 

FAMILY (Chafers). 

The leaflets of the antennae are freely movable plates which can be 
closed together at will by the insect (134c). The number of visible 
ventral segments of the abdomen is usually six or, at the sides, seven, 
never five as in the last two families. The elytra generally leave one 
or two of the last segments of the body exposed. The beetles of this 
family are bulky insects, having a powerful prothorax and front legs 
with flattened, spiny tibiae adapted for digging, as, c.g., in, Scarab&us 
sacer (fig. 139). At times the males are armed with long horns of 
various shapes growing out of the head and prothorax. The larvae are 
bulky grubs resembling lucanid larvae in shape, Both larvae and 
adults feed upon plants and dung. The family is an important one 
amongst insects. About 13,000 species are already known, Severat 
sub-families are distinguished, amongst which are the Coprides or 
dung beetles, MELOLONTHIDES or cock-chafers, Dynastides or goliath 
beetles, and CETONllDES or rose-chafers. 

The Coprides or dung beetles are the well-known beetles found 
rolling balls of dung along the roads and commonly entering lighted 
houses at night. They are cumbersome, bulky insects with a heavy 
lumbering flight They form a large group of beetles consisting of 
some 5,000 odd species. Both beetles and Iarvm have the power of 
producing a stridulatiog noise by rubbing certain segments over one 
another. The hind legs of the beetles are long and are made use 
of in moving the balls of dung upon which they feed. The dung 

of the Ungulata forms the thief food of the group. 

These beetles are plentiful in India, and although their habits have been little 
studied it is possible to give a fair idea of the habits of the vast majority. One 
of the largest members of the family is the elephant dung beetle, HilxocopHs 
dominus (vide fig. 130)- This insect is an inhabitant of Assam, an allied species 
H. Mouhouti being found in Burma and the Malays. The beetles feed on the 
dung of elephants. They cut off portions and form them into large balls of 3—5 
inches across. These they then roll to a suitable locality and scooping out a hole 
in the soil push them in, get in after them, and then feed upon the ball. After 
pairing in June or July the female prepares a ball and buries it in the same way; 
she lays an egg in it and then covers up the ball with soil and refuse litter 


pur« mi 



iZl. i.w.u, on !um//r. Common Su fi l-retle. ^owt”(; *ieat variation in *«c or wife )rse( . t 
J3 6. Female Stag beetle* 

(39. frurzAcrtu 4a<*tr, m^le -hd female, 
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The grub on hatching out feeds upon the material thus provided) becoming full 
fed about January or February. It then pupates in the circular chamber in the soil 
once occupied by the ball of dung, but now entirely filled by the full-grown larva. 
The pupal stage lasts about three month* or a little more, the beetle issuing In the 
monsoon period.* 

Scarabxus saeer (fig. 139} is a well-known dung beetle if the country. These 
dung beetles play an important part in the economy of nature owing to the fact 
that they act as useful scavengers. 


The MeLOLONTHIDES art, probably aa numerous as the Coprides. 
Some 4,000 odd species are known, but many of the Indian forms are 
still uncollected. The beetles are all more or less square in builds 
of some shade of black, grey, brown, or dark green ; the elytra 
always leave exposed two posterior segments of the body (pygldium), 
the last segment being more or less pointed. The male can be distin¬ 
guished from the female owing to the fact that it possesses larger 
lamella to the antennae. The grubs are straight when young, but 
curve into the thick bag as shown in fig. 132 a as they grow older. 

All the Indian members of this group at present known feed upon 
the roots of plants and trees and are a source of considerable annual 
loss throughout the country to forester, planter, and ryot alike. 
The larval life often extends over several years, the time being 
spent by the grubs in feeding voraciously and growing in size, except 
during the winter months when they retire deep into the earth and 
more or less hibernate. The pupal stage is short, but the beetlfe 
may remain a considerable time in the ground before emerging, after 
leaving the pupa, to allow of the outer chilin hardening. 

•One of ihe best known pesls of this group is the beetle Lachnostema imprtssa 
or Indian cock-chafer, a ihickish brown beetle of which the larva, pupa, and 
imago are shown in fig. 140, a, b, c. The larvae of this insect live in the ground 
and feed upon roots of all kinds as far as present observations go. It moults its 
skin at intervals until it reaches full size, but never comes to the surface. The 
period spent in this stage probably exceeds a year. The grub is well known to 
planters as the ‘ White* grub. 1 .It commits considerable havoc in nurseries of 
.young tea plants. It appeared in vast quantities in the Darjeeling tea gardens in 
.1891 and committed a good deal of damage, being present in 1883 in the 
public gardens of the station itself and doing much damage. During this latter 
attack some 2,695,100 individ uals were collected and destroyed. A large species 


• For a fuller description of these insects, see ' Insect 
Journal. Vol, XVII, No. 3, pp, 434-437. 


Life’ in B. N. Hist. Soc. 
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of Lachnosterna attacks young deodar seedlings in the forests of the North-West 
Himalayas, sowings of seed in patches in the forest often resulting in failure 
owing to this pest killing off the young plants by devouring the roots * 

Lcpidiota bimaculata is a large bcede with green thorax and brown elytra, 
from Assam (fig. 142)- The genera Sirica, Adoretus, Anomala, and Holotrichia 
contain many small melolonihid prsts of which Serica assamtnsis and Alcocki 
(fig, 141} defoliate tea and Mollotus philippinensis, respectively. Species of 
Advretus are pests to rose bushes in Southern India whilst Anomala viridis 
defoliates Alnus nefalensis in the Eastern Himalayas, its grubs feeding upon roots. 


The DyNASTIUES include the largest of the beetles of this family, 
although numerically the group is the smallest, containing only about 
1,000 odd species. The beetles themselves are large bulky insectSi 
the males often having enormous projections and horns on their heads 
and prothoraces the use of which is at-present but little understood. 
The males are usually much larger than the females. Many of the 
species possess powers of stridulation. 

Species of this group are common in India. "I he most important, owing to the 
position it occupies as a serious pest, is probably the beetle Oryctes rhinoceros or 
the rhinoceros or date-palm beetle of which the grub and imago are shown in 
fig* 143- The grub is about 4 inches in length when full grown, large, stout,yellow¬ 
ish white with a brownish head, powerful jaws, three pairs of legs on the thoracic 
segments and the posterior ones curved round. I he beetle is black, shining, 
massive, with a prominent horn, which curves backwards on its head $ it is owing 
to the presence of this horn that the insect gets its name. The wing cases are very 
convex above and there is a large roughly heart-shaped depression on the thorax 
dorsally. The beetle is an easy one to recognise. This insect inhabits the 
southern half of the continent, being chiefly confined to those areas in which the 
date-palm, cocoanut, and palmyra palms flourish, it has been reported as plenti¬ 
ful in the Konkan. Kanara, Salem, Kistna, and Godavery Districts, and is also 
found in Eastern Bengal and Assam. It is plentiful in Calcutta. The beetle 
attacks the crown of the tree, boring down into the growing shoot and thus cutting 
large holes in the >oung leaves which thus have ragged edges on expanding. 
When several beetles attack the growing shoot the tree is killed. The eggs are 
laid in dead or nearly dead trees or in heaps of refuse in the plantation. The 
grubs on hatching out feed in these localities. It is thus obvious that dirty 
plantations encourage the pest to increase, whereas a plantation with no, de * d " r 
dying trees or heaps of refuse in it will be free from it. The grubs of this bcede 

also feed upon and destroy young Casarina seedlings in the plantations on ? 


East Coast of Madras. . , , 

As an example of the curious projections present on these insects the male and 

female of the beetle Xylot rapes gidcon, a n inhabita nt of Assam and Burma^ s 
•"For a fuller account see Departmental Notes, Vol. I, p. 87 . 
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figured here (fig. 144 a, b, c.) The beetle rings seedlings of Poinciana regia in 
Burma thus killing them {fig* e.) 

The Cetonmdes or rose-chafers are well-known insects owing to 
the great beauty of their colouration. They are squarish flat beetles, 
often metallic green or brown in colour! or dull brown or black with 
bright spots of colour op thorax and elytra (fig. 145}* They owe their 
name of 'rose-chafer to the fact that species are commonly found 
on rose bushes feeding upon and destroying the flowers. The method 
of flight of this group is curious: the elytra are joined together down 
the middle and are merely lifted up as one piece to permit the under 
wings to be unfolded. The insects are to be found on the wing 
in brilliant sunlight. 

In India the sub-family is represented by numerous species, although little is 
known of their habits and of those of their larvae which probably all feed upon 
roots* Ceionea maculafa (fig, 145 )» a bronzy brown beetle with white patches on 
the sides of the thorax, elytra, and base of the bead, is a common species in India 
and Is often found upon rosebushes* Hetcrorrhina Hookeri (fig. 146), a fairly large 
shining green beetle, ls an inhabitant of Assam where it is occasionally to be found 
very plentifully upon Acacia catechu trees in May. Towards the end of May 1906 
trees of this species were seen loaded with beetles and were entirely defoliated 
in the areas adjacent to and between the Sunkos and ttcidak rivers near their 
debouchment from the Bhutan Hills* 


Adephaga or Caraboidea * 

Tarsi five-jointeu, antennae filiform or nearly so. Mouth parts 
highly developed, with slender projecting mandibles; visible ventral 
segments of abdomen usually five in number. Active, slim, usually 
dark-coloured beetles witli long, powerful legs and capable of swift 
movement. Both the beetles and their larv* Ire carnivorous The 
larvae are usually dark coloured, with a group of ocelli on each side 
of the head and with well-developed legs, each having two claws 

This distinguishes them from all other coleopterous larva; in which 
only one claw is present* 

Family IV— Cicindeliix (Tiger-beetfes). 

®" 8 „ h ', «°T d b ", tlC f' wi,h '“*• ."<1 with the d.peus 

in^tonof h . l ead) laterally in front of the 

insertion of the antenna:, the latter being long and strainht The 

"f ver,irall 7 of hofizontally. 

i ne elytra are often brilliantly coloured and spotted, 

G a 
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This family includes some of the most active and most carnivorous ot -the 

beetles* They feed upon insects of all kind?. The larv® live in burrousin the 

ground wher^ they lie in wait for their prey* A species named Ct$%ndela puntfata 

(fig. T4?) has been reported as destructive to ihe rice sapper, Leptasorisa acuia t & 

dbstructive pest in the rice-fields- Investigation will doubtless show that species 

et\st of use in keeping down forest pests. Although a certain number of forest* 

living Cicinddas have-been collected* practically nothing is at present known on 

the subject of the particular species or groups of insects they feed upon, nor as to 

(Aether they confine themselves to certain species or not* Fig* I48 show# the 

large Jong-Jegged Cicindeta octonotata to be found plentifully on the stony 

nvoroeds of the S Hikes, Reidak, and other rivers in Assam near their debouchment 

from the Bhutan Hills 

* 

Family V .—Carabidas (Ground-beetles). 

These beetles resemble the Cicindelidae, but the mandibles are set 
bo rusoii tally, They are usually blue or black in colour and are cami*- 
vorous in. their habits. These beetles can be found in the forest in the 
humus and top soil,, and in decaying wood and stumps. They, are 
very active and run rapidly 

A species named Calusenna oriintctle { fig. 149) attacks «ind preys upon the 
young of the locust, Acridium peregrtnttnt, destroying them in large numbers. 
Several othe species are very common in India. The writer has recorded that a 
large Carabid beetle, Apt hi a sexguttata (fig. 150), with cream-coloured blotches 
on its elytra, feeds on the larvze of the hawk moth Pstudosphini* discistriga which 
defoliate the teak in Berar during the rains. 

Note.—T he water beetles, Dytiscida, and the Whirligigs, Gyrtmda l seen 
swimriiing in circles in the sunshine on the surface of pools and streams, belong to 
(hiS series, but are unimportant. Fig. 151 shows the predaceous water beetle 
Cybister iimbata common in Bengal. 

Clavicornia. 

Tarsi usually five-jointed. Antennae thicker at the Lip ot knobbed. 
AH the parts pf the, insects in this group may vary, exceptions being 

numerous. 

Some of the insects of this series are kept by acts in their nesta. 
Many flat Clavicorns feed under bark on the sap of the tree. A. 
species feeds in this way under the bark of sAI trees and another is to 
be found amongst the bark-boring beetles under the bark of blue 
pine {Pinu j excels a).. These beetles should not be confused with, 
the true bark-borers. Some feed upon decaying bark whilst ojhers 
again are carnivorous. 
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Family VI $t'lphid.v (Carrion-beetles) 

Antenrtae clavate or at least flattened at the tips In some formal 
the elytra cover the whole of the abdomen ; in others its tip is loft 
uncovered These beetles are as a rule can ion-feeders. The genus 
Silpha has slightly clavate antennae elytra covering the whole of the 
abdomen, and the body of a flat, oval form. The larvae are broad 
and flattened, and find their own food, t.e., it is not stored up for 
them by the parent beetle, Both larvae and adults feed on dead 
animals. The Burying-beetles {Necrophorus) have markedly clavate 
antenna;, elongate bodies, and short elytra, usually coloured in red 
and black bands, leaving the hinder end of the body uncovered. 
Several generally unite to bury small mammalia, etc., removing the 
earth below .the carcase, in which they lay their eggs. The larvae 
are pale and large, possessing legs and eyes; they feed upon the 
carrion buried by their parents. These beetles may be seen in the 
forest at work in this way Fig, 15a shows Silpha tetraspilota. 


Family ViL—Staphylinid# (Rove-beetles) 

These beetles are distinguished by the small size of the elytra ; the 
larger portion of the abdomen, which is very moveable, is not covered 
by them but has a deposit of a thick layer of chitiit on its dorsal 
surface. The hind wings are folded under the elytra. The body is 
elongate or ovoid and antennae filiform. Some of these beetles run 
with great activity The adult generally lives upon decaying plant 
and animal substances, often feeding upon small insects. The larvae 
are like those of the Carabida, but have only a single claw on each 
foot. They have two-jointed cerci at the end of their bodies. They 
eet. either like the adults or are predaceous. Numerous mature beetle 
forms, believed to be predaceous, have recently been found by 
the writer tn the tunnels of bark and wood-boring Scolytld* in 
deodar spruce and blue pine, etc., and it js probable hat the family 
will be found to be of considerable tforest importance in this respect. 

. °i" S Sta P h y Itna 3 P* predaceous upon Polygraphus and fig. 

154 Staphyhna sp. predaceous upon Scolytus, 


Family VUI .—Histeridx. 

bm C °X Ct b " t j.' s ' . ,vhh « ■“"* integument, often .hieing, .hort, 
ben antennas endmg m e compact club ,th. el, ton leave two .egm.nbi 
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of the body exposed. Abdomen with five visible ventral segments; 
hind cox® are widely separated. The beetles are usually black in 
colour. 

The members of this family are common in dung, in carcase?, 
decaying iungi^ etc,, and some live under the bark in the tunnels of bark* 
boring insects* these being often very flat insects. Some are small 
cylinders, constructed for entering the burrows of insects boring into 
wood, it has been for some time believed* and the writer has been 
able to verify the fact ir. several instances quoted below, that the 
species of this family living under bark and in wood are predaceous 
and feed upon tl*? larv® and adults of boring beetles. Some live in 
ants' nests, probably devouring the larv®. A few species live in 
company with Termites, 

From observations made daring the last few years it lias been shown that 
members of this family play an important part in keeping down the numbers of 
wood-boring and bark-boring beetles of the families Bostrichidar and Scolytid&* 
Species of Histerids (Teretriosoma cristatum, intrusum, Stebbingii) (see fig. 155 ) 
have been found in the tunnels of the Bostrichid wood-borers, Stnoxyton crassum 
and S * analt, preying upon their larvae. These latter riddle the wood of Dalbergia 
Slssoo in the Changa Manga plantation (see p. 89) These histerids are small, flat, 
shining, black beetles. 

Platysoma dufali (fig. 156), a beetle resembling the above, is predaceous upon 
the bark-borer Tamicus sp. in blue pine and another species of the same genus on 
the bark-borers Scotytus major and $- minor in deodar and Polygraph us minor 
in the blue pine* Platysoma sp and Paromalus sp. are also predaceous upon the 
wood-borers Hylastcs sp* and Rhyncholos sp, Ntpontul is a genus of cylindrical 
beetle?, a species of which, AL canaliccllis (fig. 15?)* follows the Scolytus 
Potygraphus, Byhstss and Rhyncholus beetles into their tunnels in blue pine and 
preys upon them in the North-West Himalayas whilst N. Andrcwesi { fig. 15S). 
a beetle of similar shape, but with a red abdomen, does the same in the case of the 
bark*borers Sphcsrotrypcs siuDalxbcnsts and S* coxmbatorcHSts which respectively 
infest the sal tree in the Siwaliks and the Anogeissus in the Coimbatore forests. 


Family IX.— Nitidulidzs* 

Antennae have a three jointed club; all the coxa are separated and 
each has an external prolongation; tarsi five jointed, the fourth joint 
being smaller than any of the others ; abdomen with five visible seg¬ 
ments. The habits of these beetles are very varied, some live in 
flowers, others under the bark on the sap of trees, others again in car¬ 
cases. One larva causes much loss by living in the flowers of the 
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mustard (rape) and prevents the seed forming* It pupates in the 
ground. Another one feeds upon turnips* Many Indian forms will 
doubtless be found feeding upon the sap of trees on newly cut stumps, 
etc*, and should not be confused with bark and wood-borers* 

Carpophilus flavipes (fig- 159) and ether species of minute Bat brewn beetles arc 
to be found contmcnly feeding at sap beneath the bark of felled sal trees in the 
Dun, Species have also been found beneath the bark of the Indian spruce and 
blue pine in the Himalayas* 


Family X *— Trogosit 

These beetles resemble those of the above family. Some are of 
fair size. The commoner ones found in India are elongate, straight¬ 
sided, black beetles with large well-marked anlennse, mandibles which 
gradually increase in thickness upwards, and deeply longitudinally- 
ridged (striate) elytra. Some of the members of the fam ily arc 
predaceous both in the adult and in the larval stages. 

Hectarlhrum brevtfassu,nifig. 160) Is a beetle, black in colour, a little over 
half an inch in length, with the elytra broadly striate. It has been bred out of a 
block of Shorea assamica wood where it was thought to be predaceous upon a 
ceratnbyx beetle or its grubs. The writer bred it out of a Terminal,'a iomcniosa 
pole which was badly Infested with Bostrichid {Sinoxylon, Xylopcrtha, and Lycius) 
borers. TrogosUita rhysrephagoides (fig. 161) resembles the last, hut is smaller. 
It was also bred out of the Terminalia post. Both larva ond beetle arc eminently 
predaceous and were feeding upon the bostrichid larva and beetles. 

Species of this family have also been found in Burma beneath the bark of 

Nauclta sesstlifoha and Pyinkado, predaceous upon several scolvtid and plat void 
wood and bark-borers. r 


Family XL—Colydiidx 

Antennae have a terminal club, the tarsi are four-jointed ; the front 
and middle cox* are rounded and sunk ; visible abdominal segments 
five. These beetles have often a highly sculptured squarish thorax 
and longftudmally striate elytra. The commoner Indian species found 
beneath the bark of trees are brown in colour. The tree-living forms 

are very aettve, both larv* and beetles living upon the larv* of wood 
and bark boring insects. 

,p " (fs ' ,6,) b "» •—■‘-Nr w- 


attack* iTT* Weevil 1 V . 1 b ? ,0ngS to lht close| y allied family Cucujida*. H 

exceedingly varied. ^ ^ &k ° b °° ks in India * i,s food ***"8 
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Family XII.— Dermesttdae. 


Small beetles, with deflexed heads and clavate antennae: the surface 
of the body is covered over with small close-set hairs. Both 
beetles and larvae feed upon dead animal substances, such as skins, 
etc., and are often very injurious to the latter. The larvae and beetles 
issuing from the skin of a newly shot animal that has been left 
untended for a few days are Dermestid^ and will not unlikely be the 
common species Dermestci vulpninus (fig. l63a-c). When full fed 
the larvae hide themselves away, some times burrowing into hard 
wood. They do damage in museums and to stored hide goods, boots, 

Serricornia. 

Antennae usually serrate along their’inner edge. Other characr 
ters may be variable. 


Family XiU.—Bostrichidx (Bark and Wood-borers). 

Usually small brown or black beetles with straight antenn® which 
are often lamellate at the top (fig. 168, c.). The prothorax is often 
furnished in front with protuberances and the elytra behind may e 
truncate and furnished with small spikes. Tarsi five-jointed but the first 
joint is very short; front coxa; are prominent and contiguous and extend 
very little transversely; five ventral abdominal segments are visible. 

The larvae are white, have three pairs of tegs and have thp 
nosterior parts of the body incurved (cf. fig. 48, »)■ The pupa -has 
the general appearance of the beetle but is white and the antenna;, 
legsfand immature wings are pressed against the chest and sides, 

fig These beetles tunnelinto dying* and dry wood, in which they lay 

their eggs; the larva; on hatching out feed upon the wood. The 
injects are at times present in such numbers that they entirely ndd e 

and destroy the timber they infest. One or two members 
Lve already proved to have a wide range in India, such, for instance, 
as several species of Dino dents in bamboos, and Stnoxylon m 
wood of broad-leaved trees ___ . " 

• To protect saddlery, etc, wh ?" St ^ Sh napthafinf before 

be placed in tin-lined boxes, and p-enUfully besprin 

the case is sealed up# 
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The two common bamboo«borers in India are Dinodtrus pilifrons and D. 

minutus, the first attacking bamboos in the northern 
crhalf of the continent, and the second in the southern. 

They are small brownish beetles about one-sixth inch 
long and cylindrical in shape. The larva; are yellowish white, corrugated and 
curved. Neither of these beetles apparently attack green growing bamboos. As 
soon as they are cut, however, or very shortly after, the beetles make their 
appearance (the species attackin j varying according to the locality) and tunnel 
into the wood of the wall of the bamboo (or right down into the wood structure 
if solid) and lay their eggs there ; in the case of D. minutus the number laid is 
about twenty. About a month is spent as a larva feeding in the woody structure 
and two weeks as a pupa, a generation taking about si* weeks to two months to 
pass through. D. tpilifrons (fig. 164) passes through four and minutus about six 
generations m the year. They hibernate as eggs or larva; In the winter. These 
insects cause an Immense loss yearly in India attacking all bamboo structures and 
entirely riddling them. Their presence is easily discernible owing to the 
appearance of the " shot holes ” in the bamboo and to the piles of sawdust which 
they eject from the holes. Soaking the bamboo in Rangoon oil for forty-eight 
hours or sn ,s a good preventive • Pig. 4?, a , b, c, shows D. minutus and fig 16=; 
pieces of attacked bamboos.t K 5 

. Dtnodtrus distinctus attacks the twigs of the mango tree in the Dun plateau 

The i" <1* wood 

Slmxyhn train, and S. anal,, both of which have a wide distribution in the 
LlF«-hlit«iy of sintxyhn t**,- ® ountr y» do considerable damage to wood stacks in the 

Ohanga Manga plantation, and these beetles will 
j a always have to be reckoned with in Wi 

f. cpfl ; s ' A l Manga this beetle makes its first appearance in the vear 

ou he beginning of April and burrows into the sissu fuel stacks consisting nt 
the wood cut over between the previous November toMarch ’tM, LJ ® f 

S ! aC il d l P ° n the adjacent 'O^Partment lines to allow the^l to 

"T oul a*°“*» ri m 
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at least three generations of this pest m the year. S. anale will attack drier 
wood than its companion and has probably a greater number of life cycles In the 
year. Fig- 166. a, b , c, d shows the larva, pupa, and beetle of Sinoxyloti erastum 
and fig. 167 a pit-cc of attached wood.* S. crassum also tunnels into the wood 
of Terminalia tomentosa! and into salt twigs in the Dun.J 

Hctcrobostrichus ccqualis (fig 168) bores into and riddles the wood of Bomba.x 
malabaricum in Malabar. As this wood is used for tea boxes by tea planters, the 
beetle causes considerable damage {vide fig. 169). Bostrichopsis paralltla (fig. 170) 
tunnels into and riddles the bamboo Dcndrocalamus slrictus in the Central 
Provinces. „ . . . 

Family XIV.— Ptmuim. 


Tarsi five-jointed, the first joint not reduced in size, often longer 
than (he second; front and middle coxae small, not transversely 
extended ; five visible ventral segments. Here also, as in the last family, 
the thorax is hood-like and often covered with projections like a rasp 
and there are several spines on the posterior end of the body, which 
may be truncate. The head with the antenna: and mouth parts can 
be stowed away in a cavity in the chest. In fact (he skeleton is at 
times so adapted that all the appendages, such as the head, antenna; 
and legs, fit into recesses so that, in repose, the insect looks like a 
seed. In this family both the grubs and the beetles bore a cylindrical 
hole corresponding to the maximum diameter of the beetles body. 

Two sub families, the Ptimdes and the Anobhdes, are included 
here. The f’tinidcs are sometimes destructive to dried animal 
matter, and attack museum specimens. The Anobndes bore into 
wood and apparently spend a very short time in the adult stage. 

Their larva: resemble those of the last family. t 

The cheroot weevil,§ Lasiodcrma testaceum attacks cigars of 
all kinds in India, the insect running through a large number of getier- 
alions in the yea^ It also infests pipe-tobacco (** fig. i 7 ». 


Family XV —M alacodermidx . 

Beetles with very soft bodies and elytra; the prothorax , 5 gener¬ 
ally broad and shield-shaped and_the h ead may be hidden benea th 

• See Departmental Notts on that affect Forestry, Vol. I,pp . t2 ^!\ 

+ Vide * Insect Life in a Terminal * Post • .n the Indian Forester, Vol. XXVItl, 

* 8 - 

t Vide Departmental Notes on Insects that affect Forestry, Vol. I, P* 

§ To get ki of the cheroot weevil from a cigar store the only plan is to bum all 

infected stock and thoroughly cleanse out godowns. 
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it. The elytra are soft and leathery and are not rigidly attached to 
the body. They do not meet in a hard and fa>t suture in the middle 
and often leave several bo iy segments exposed. Eyes are large. 
Seven visible ventral segments of the abdomen are present. The 
females are often wingless. 

The family includes the Lampyrjdes or Glow-worms and the Fire¬ 
flies (Luciola). 1 lie larvae are s ipptued to be carnivorous, but little 
is known about them in India. The phosphorescent apparatus is 
placed ventrally at the posterior end of the abdomen. In the glow¬ 
worms the female is wingless and her light is much more powerful 
than that of the male and may serve to attract him. In the fire-flies 
both males and females have wings and the light is more powerful in 
the male than in the female. Fig. 17, shows a glow-worm common in 

the North-West Himalayas and fig. 174 the common fire-fly of this 
country. 

^f tc \ ros dupalUns (fig. 175), a slender black insect with the basal 
alf of the elytra, orange yellow, is common on Teak leaves in the 
Central Pro\ mces in July and August. 


family aVI.— C/e ridsr. 

This family contains beetles of varied form and colour. The 
antenna; are usually more or less club-shaped at the tip, and not at 
all serrate. The tarsi are five-jointed, but the basal joint of the hind 
tarsus , s very short, and the apices of joints two and four are usually 
prolonged into membranous flaps. The insects have, in some i \L 
S 1 ?P«^c. a j resembfance to smaM longicorn beetles (Ceram- 
y )• he Clertdv are exceedingly predaceous and their larw 

a TJ, a T- b rr pec ' a " v f °" d 01 »"<* 

The family ,s of the greatest service to the forester in Indfa owiL 
to their predaceous habits. A newly discovered species TJmL 

vatlous^wood'and^bark^orin ^eetl" ^ "? ima *° 

North-West Himalayas. The following is^cummary of wtt° - ^ t 
presenj:, known upon the life-history of Phis insect * '* 

The larva is an elongate, flat, pink coloured grub with a brnwni.K k a , 
of J" arked black mandibles, and the last segment ^be 

- i» two small black processes or 

CP ' N0t ” Vo '* '■ PP- a, 3-«8; J A.S.H. LXXI1, p L ft. r ( . 903 }- 
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points. The beetle (fig. 176) is an active, bright coloured insect, with an 
ant-like black head and prolhorax, whilst the elytra are red at their bases and 
black anteriorly* the b’ack being crossed by two while wavy bands. The 
abdomen beneath is bright vermilion in colour* The insect is half an inch in length. 
The beetles are to be found plentifully in June and July either on the wing or 
running actively about on th$ bark of coniferous trees falso oaks to a certain 
extent), such as deodar, spruce, blue pine, etc,, searching for bark-beetles. As 
these latter emerge from and settle upon the bark of the trees, the clerids seize 
and devour them (Fig* 176), only the harder portions of the chmnous exterior being 
rejected. Inside the tree, in the galleries made by the bark-boring beetles and their 
larva in the eamblun and sapwood, are to be found the pink larvae of this clerid 
engaged in feeding upon the larva; of the bark-borers* It is probable that the 
predaceous beetle lays its eggs in the entrance holes of the boring beetles, and the 
ycung grubs on hashing out find their way down the entrance tunnel into the egg 
and larval galleries of the bark-beetle. Larvae of various sizes have been found in 
the tunnels between May and October and it is not improbable that there are several 
life cycles in the 5 ear overlapping each other and that consequently the beetle 
is to be found on the wing in the forest during these months* The insect is 
polygamous and excessively voracious. The writer has observed it to feed upon 
one cr more species of the genera Scolytus r Polygraphus , Pttyogenes, Tomicus , 
HylasieSt Rhyne hoi us t Diapus^ and Platypus*, all bark or wood- boring members of 
the families Scolytid# and Plapypada. These beetles will be dealt with later on 
in this work. 

The importance of this Clcrid is evident when it is remembered that Citrus 
formicarius is known to be of the greatest value in keeping down bark-beetles in 
European continental forests. So great is the value attached to this beetle that 
in 1892 a specialist was deputed from America to import it into that country in the 
hopes of bringing down to normal proportions some devastating bark-boring 
beetle attacks. 

Another species of Thanasimus tfig. 177) is predaceous upon the bamboo 
borer Dittcderus mhinlus in Calcutta, This beetle follows the shot-borers into 
their tunnels in the bamboo, 


Family XVII .—Elateridx (Click beetles). 

Small beetles with a much sunk head and a square prothorax 
which finishes behind in two points. Legs short, and very rigid 
The prothorax is prolonged on the under side as a spine which fits 
inter a pit in the taeso-thorax. This arrangement is to enable the 
insect to jump up into the air, when on its back, and so turn over 
again. When the prothorax is raised the spine is supported against 
the edge of the depression, and on its being allowed suddenly to 
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shoot back into-the pit, the iosect strikes the ground with consider- 
able force and rs thus jerked up into the air. The click they make 
in this movement gives them their name of click-beetle?, The grubs 
are called 1 wire-worms ' (Jig, 17S), They are long, thin and hard, and 
consist twelve segments, with a flattened horny head and three 
pairs of legs. The head is dark brown and the twelve remaining 
segments yellow to yellowish-brown* They can be distinguished 
from Millipedes (p, 168J in possessing only three pairs of legs, 
whereas the latter have two pairs of legs on each segment. 


Some members of this family are quite harmless, since they only devour 
decaying vegetable matter either in humus or in the rotting substance of dying 
trees where they arc often to be found. Many elaUrid larvae however, are 
destructive as root-feeders, and it is in the forest nursery or in areas sown and 
planted up in patches where trouble may be expected from these pests. The 
grubs are very active and destroy much more than they actually devour, moving 
from plant to plant and cutting through the roots below the surface of the soil. 
In this way they may destroy, whole lines ef young plants in A nursery. The 
larvae live for several years in the ground and probably feed during most of the 
tune, growing to full size very quickly and spending the rest of the time as a full- 
grown grub. Though constituting a serious pest in European forests very little 
is known as to their operations in India, Recently, however, wire-worms n &\ 

have been found attacking the roots of young deodar plants sown in patches and 
Jose of a dying young sweet chestnut which had been imported from England 
, casos erring in the North-West Himalayan forests. An inspection of the 

h , f ru : h ” e § rubs and thc damage they are capable of doing should 

be borne m mind when seedlings are seen to be dying in the nursery without any 
viable cause apparent above ground. Fig. iy 9 shows a large sp^ies of Elatl 
eFl fr0ni the timbcr of the trunk cl a large DaiUrgia sp. tree in Burma. 


Family XVIII .-Buprestid*. 

an enormous prothoracic^egment^a^^hey ^ 

».,d zexzzhzt are mui: h " ,a, ‘ 

hese larvae can be always distinguished from 
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longicorn ones which they otherwise closely resemble. They usually 
live upon wood and do damage by attacking newly-felled or sickly 
trees, in which they bore large, winding, flat galleries* Healthy trees 
are generally safe from these attacks, but the moment a tree becomes 
sickly and weakened from any cause buprestid beetles at once lay 
their eggs in the bark and the larvae bore into the wood* These 
insects are numerous in India, but little information has as yet been 
collected on their life-histories* Most trees will be found to be 
subject to their attacks. 

Catoxantha bicolor is a large brilliant metallic green or blue buprestid with 
a yellow patch about the centre of each elytra. Its grub feeds in the cambium and 
sap tayer of pyinkaau and other trees. This insect is to be found as far west as 
the Buxar Duars and stretches down into Siam* Fig* 180 shows this buprestid. 
Mature beetles have been taken in May-June* 

The grubs of Capnodis sp. tunnel in chenar and poplar trees in Quetta* remain¬ 
ing chiefly in the sap wood and bast layer. Full-grown grubs have been taken from 
the trees in October. The beetles are very numerous in May-June and also in 
October-November* They probably issue irregularly throughout the summer 
and autumn months* Fig. 181 a, b* show the larva and beetle. 

A small buprestid named Chrysobothris scxnoiata (fig* 182) is to be found 
commonly in the branches of the sdh it taking about a year to pass through one 
life cycle. The eggs are laid in the bark and the larva at first lives in the bast 
layer and then bores into the sap wood- Dying branches of frees are at times full 

of these beetles as are also the tops of felled trees* 

Psiloptera fastuosa (fig 183), is a buprestid beetle which has been reported as 

attacking teak wood at Nilamban Malabar* whilst Btlionota scintMans (fig* 184 )* 

a handsome beetle, lives in the Khair in the Siwaliks* # 

The larvae of a yet undescribed species are invariably found beneath the bark of 
deodar, spruce* and blue pine trees infested with scolytid beetles, the buprestids 
coming in later than their companions, 

Heteromera. 

The first and second pair of legs have five-jointed tarsi, the third 
pair having four only. 


■ Vide Injurious Insects oi Indian Forests, pp. 42-43* 
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Family XIX.— Tenebrionida:. 


Very common beetles in India. Owing to their dark colouring 
and shape they have a general resemblance to Carabidae, from which 
they can of course be distinguished by the tarsal joints. The lowet 
pair of wings is often absent and the elytra are often soldered 
together. The larvae are elongate and cylindrical and are hard, and 
have six legs, being not unlike elaterid grubs. Their food is mostly 
vegetable matter, including grain and flour. 

They are often to be found beneath the bark of dying or dead trees : it is 
uncertain, however, at present whether the larv* or beetles, or both, feed upon the 
dying bast and sap wood or upon the decayed parts, or whether the grubs 
themselves are predaceous. Fig. 185 a , b, c, shows the larva, pupa, a „d imago of 
a tenebrionid common m sA] trees in Assam. Undetermined species have also 
been bred from dead spruce and blue pine trees in the North-West Himalayas 

Some years ago a species was reported as tunnelling into sandal wood in 
Mysore, but the specimens were in bad condition, and could not be identified. 


Family XX.— Cantharidas (Blister Beetles, Oil-Beetles). 

Head with an abrupt neck ; hind-wings usually present elytra 
short and do not fit well together, but overlap ; each claw of the feet 
has a long appendage beneath it. The beetles have a very soft 
.ntegument and they secrete irritating secretions which raise blisters 
on the skin. Some of the insects are wingless. The Cantharida: feed 
upon flowers and leaves and frequently do a little damage in this way 

black stripes. This insect Is shown in fig- 18A It v banded ) v,lh and 

in July and August, consuming the fruits of a species of Artoc .V ^ Dehra 
the pericarp off and also feeding upon the pcials of rose* ?r“ S tV strt PP in f? 

flowering plants. When numerous ? h calls>e / considerahb d a " d oth<?r 

garden at this time of the year c c ,,„. , ,, 3,derable damage in ihe Bower 

Cantharis auttnnalii, flg. |g 7 is*to be f* j er ® are equally typically marked. 

*n the North-West Himalayas b July, tl £ , £*•1" 1 *? * yW * *. n fli 8 ht * ° r swarms 

beetle, and feeds on speci* TolUnu/ra. “ * * *■"» ha " d *> 


>me 


J vtramera. 

Four tarsal joints arc present on all the feet. Several of th r • 

hesof this group contain serious pests both to ! / h fa,m ’ 

The group is divided into the two <; • f J£ st8 and a & ncuJtlire - 

chophora. Series Phytophaga and Rhyn 
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Phytophaga. 

The head does not form a definite prolonged beak or rostrum ; 
the three basal joints of the tarsus are densely covered with pubescence 
beneath, the third joint being divided into two lobes so as to allow 
tlie fourth joint being inserted near its base. 


Family XXI.-—• Bruchidse . 

1 hese are small unattractive beetles, having an extremely short 
prosternum and the hind femora more or less thickened. The front 
of the head is produced into a short rostrum and the antennae are 
bead-like and straight, thus distinguishing them from the Cur- 
cnlionitlae where the antennae are elbowed. The larvae are little 
white fat maggots without legs and live in and feed on the seeds of 
plants, more especially Leguminosx. In India leguminous plants of all 
Kinds are attacked by members of this family, and it is probable that 
the seed of leguminous forest trees suffers heavily from these pests. 

A species of Caryoborus, C. gottagra, attacks the seeds of 
Tamarittduf ittdica 'and also of Bauhinia racemosa pods in Central 
Thana, Bombay. The life-history in the case of the Tamarind is as 

follows:— 

The eggs are probably laid on the pods before they reach maturity between 

March and May. The larva hatching out makes its way 
rini' fC Brathiii?* through the pod and tunnels directly into the seed. It has 

gonagxt. been found that none of the seeds contain more than One 

grub. When full fed the grub cither leaves the seed and spins a close-matted 
cocoon inside the pod and passes the pupal stage within this or pupates within 
the empty seed skin itself. The beetle, which is brown in colour and about 
i inch in length, after emerging from the pupal skin, rests for some time 
before cutting its way out of the cocoon and pod. The exit hole is usually made 
near the base of the seed skin and near one edge ot the pod. Beetles issue 
from the pods from February to May. Fig, 188 shows this beetle. Since 
there is only one set of pods per year the life cycle probably takes a year to 
pass through. In the case of the Bauhinia seed the larva entirely hollows it 
out and then pupates in the brown seed skins. A closely allied species attac is 
ihe nods of Mbiesia Lebbtk in a similar manner. The seeds arc large, flat, an 
the pod. being,-.* inches in length. The periods «i •««*." .he 
Bombay Presidency are the same as those of gonagra. Fig. 189 shows t 
insect and an Albizzia seed with a beetle emerging. 
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Family XXII .—Chrysomelidse (Leaf-beetles). 

Antennae moderately long, eyes round and do not at all surround the 
insertion of the antennae. The insects are small, bright coloured, and 
thick set. The head is usually partially sunk into the prothorax and 
the insects differ in appearance from other tetramerous beetles. Both 
the adults and larvae feed upon leaves, and several do much damage in 
India by defoliating plants. The larvae are small and active and are 
sometimes covered with spines on which they carry their cast-off 
skins as a kind of shelter. The pupae may be found either on the 
leaves or in the ground, and several generations may be gone through 

in the year —a fact which intensifies the insect’s capabilities of 
inflicting damage. 


A spec.es of JWmmm has been reported as defoliating a willow m the North- 
West Himalavai, whilst Mimattra eyanura feeds upon the leaves of Grtwia 

o' ®. ,n the Dun - * s P« cies Haltieides (fig 190) consumes the leaves ol 

in iVchilTr 14 ’rru t P '°° na ' . Haltic \ 5 P- h ‘ ls been observed defoliating trees 

thorax find hf if ’ Tr ® cts - u ,s a brightly colouicd pink beetle with an orange 
thorax and black spots and patches on its wings (see fig. 101). * 

Family XXIII.— Cerambyeidse (Longicorn Beetles) 

T' le3 CO " Uini "S ,ro '" , 2 ,ooo ,o 13,000 known 

•'ohooldeJ" tZZ ‘, 7 *? MoaIly elon £ ate with well-marked 
___ 1 ° the elytra and a vertical or flat head. The antennae 

„odeT y T h 'S C Tu SOf join,,. often tumid 1'the 

- ^rrSr :< t ~ r ? he sr eyes 

v * flret thr “ ^ 

beetle, .reSr, ‘7’ C ° Vered Wi ‘ h h “ s ' T1 >' 

the Buprestidm) beta* nft but .”** ly metallic <“ in case of 
on them. The thorax g is sQuar^^r* 1 ' 1 ^ ° r . havin £ ha!r »*» tufts 
cases spined (c/. fig, ,9-1. The 'fi °h me ancl c y 1! ndrical, and in most 

ovipositor for laying eggs in crevices ^Tfi n0n ' extruded 

The larvae are ™ a " d *™g. 

They haveabroad head * ^ 7 . edersand 50 a « white and sott. 
not the enormously dcvtopel^h ^ ? d ^ b ° d y» have 
they otherwise greatly resemhl^ * .°, ra * ° f the huprestid larva, which 

segments are JS+L ^'?* m . '?"* ,h ' ^domina, 

y road as the prothorax; it is practically legless 


H 
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and has four-jointed antennae (c/. fig. 192 c ). The grubs often spend 
their lives burrowing up and down in the wood of trees, making gal- 
teries which have usually a squarer section than those of buprestids; 
before they change into the pupal state they enlarge the md of the 
tunnel and make a pupal chamber. This chamber may be either made 
in the heart-wood of the tree, in the sap wood, or in the b^rk. The 
beetle on maturing either bores its uay out of the tree by the shortest 
route or crawls up the empty tunnel left by the larva to facilitate its 
escape from the tree. The pupa is white and soft and has the gereral 
appearance of the beetle, being unenclosed in any external skin. The 
legs and wings are held pressed down agamst the breast and the 
antennae against the sides of the body {cf. fig. 192 d). Three sub¬ 
families of this family are distinguished, as follows 

Pnonides .—The front coxae are large and transverse ; the prothorax 
has distinct side margins. 

Ceramb cides. — Front coxae not greatly extended transversely ; 
thorax not margined. The head is sloped in front obliquely, or at 
times is almost horizontal. Palpi have the terminal joint truncate 
and the inner side of the tibia has no groove; small legs are just 
visible in the larva. 

Lamiides .— Front coxae usually round and deeply embedded; 
the head is vertical, the terminal joint of palpus is pointed, and 
the inner side of the tibia has a groove; legs invisible in the 
larva. 

The Pricnides are on the average considerably larger in size than the members 
of the other sub-families, and they include some of the largest of insects. Some 
hare a great develepment of the mandibles in the male sex, analogous to those of 
the stag-beetle of the Lucanid< e. The larvae in various parts of the world appear 
to have been a favourite article of food with native tribes. In consequence of the 
destruction of forests that has taken place so largely in many countries of late 
years these gigantic cerambvcids have become much rarer. Acantophorus serrat 1- 
comis (fig. 1951 is a large beetle who'-e larva; bore into and rid-de sdl wood in 
Chota Nagpur. The beetle is found on the wing in June and on into August. 
The larva: probably spend more than one year boring and feeding in ihe wood. 

The modes of life of the larva: of the Sub-families Cerambycides and Lamiides 
are various. Some bore up or down in the hardwood of trees and live fora 
portion of a year or for several years in this condition before changing to the beetle 
state. 1 he female beetle in others girdles twigs of trees and then Uys her eggs 
in the branch above the gird’e. 



puti i««i. 
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The Cerambvcidcs include several serious pests to trees, the following; three 
being tvpicaT of Ihe sub-family. 

ffoplocerarnhyx sptnifornts, or the Smgbhum s*l-borei\ attacks the sdl tree in 

the Central Provinces arui Chofa Nagpur and in 
"****•"** Assam and the Bengal Duars sSI tracts. The life 
cycle appears to take longer to pass through in the 
drier climate of Central India than is the case in the hot moist ore of Assam. A 
year or less sufFees in Assam, whereas double that period is required in tho 
Central Provinces. The eggs (fig. 192 a) are laid by the beetle on the outside of 
the bark of green felled or sicklv standing trees ; they are scattered about singly, 
March and again in May-Juns being apparently the period of egg-laying. The 
grubs (b) are about * inch In length on hatching out and at orce bore down 
through the bark and groove out small eal'eries in the sap wood. As they 
increase in sure they go deeper into the sap wood, when plentiful destroying both it 
and the bast layer as shown in fig. 193. When full fed they bore down into the 
centre oF the heart-wood and eat out a pupal chamber in the long axis of the tree 

the chamber IfiJ *' ,th 3 ca,care °us covering near the lower end of 

chamber (fig. ,o 4 l and then pupate. The beetle on maturing breaks the 

cover, crawls up the larval gall ry and escapes from the tree. The grubs pmba- 
T^J fit s ‘ >me9 - , ° morths as such, the pupal stage lasting some a-a* months, 
h^ilSbv T S ^° WS !, a u thiS insert iS e ’ u, "J r da «gwous to the hying tree which 

is* 1 r„rr? ^ Uyer - and - ,h ' «* 

XJd crebst ™ f°r F^.' P "7' "t and '“" h b ““' 5 “ d of 

|™f b ““" rady •» «■"*'*“»<“ i» fl-c pupal chambers in the interior rf ,W 

c- ^,. 1 C,0,e,y ; . re,ated species, Pachydiitus holesericeus, attacks the sil in th» 

be ,0 “" d c °nsidtreble .“fe ',‘j 

the most , SS „IZ “ STS tSSZ '* ‘ bC *<■<*"* *»' 

This is .nether lengleorn beetle, the Que.t.-boeer, nhieh is esteemel, Journo 

«}%£?!£,**■«"■■■•«■ s. i,r LT<LiTRj‘°t'T' *":?"■ ■■* 

it*. LI • \ Baluchistan and in these it Jayi 

bark in Mayjune. The *£. h5 SuHSU *7 *'7'"* through ,he 
riddling tt, thus causing the death of ib- t JL vul ° Sl 3n< ^ sa P woo< *> completely 
«be wood and pupalc * Zt£.** ft??J ^ into 

pupa and beetleand fig, ig 7 a gu-- _ f _ .. f* F,g ' ’S 6 «* b . c, shows the larva 

■veeuesof poplar, willow, etc., in the alatietT’tlmtii'h ® oeKa * liv '"e the fine 

- r t 11 became necessary to sacrlfi^ 

■ _ J -a * ’ ---- - _ 


H* W. 1W.*" deSCI,ptl0n Monograph on Seme Assam SaUmcct*. For. Bulletin 
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a larg* number of the trees, which were felled, cut up a and burnt in the winter of 
1905-06, in order to save the as yet uninfested ones. 

The eggs of another beetle Ptocederus obesus^ are laid In crevices in the bark 

of Odina wdia M sdl, and other trees about March or 

cora^'i^bartr. A P ri, » a,ld ibe young larva on emerging first-feeds on 
+**>*{. * the bark and cambium layer and outer sap wood- As 

it becomes stronger It goes right down into the heart-wood 
of the tree, boring large galleries in it. When pupating the larva forms a peculiar 
solid calcareous cocoon shown in fig, 198 a, in the outer layers of the wood. The 
insect pupates in August and September, becoming a perfect beetle {fig. 198 b) in 
November. The beetle remains in the cocoon until March or Apr \l of the succeeding 
year to enable its outer parts to slowly harden, and then cuts its way out of this and 
out of ihe wood. Recent observations tend to show that the larva only lives about 
six months in this stage of its existence in the Siwalik forests, where It is very common 
in Odtna wodia and other trees* It is a very common beetle in many parts of India* 
Dial ages pauper of which fig. 200 a* b shoUs the larva and beetfe infest green 

felled and sickly sdl trees in Assam tGoalpdra), The 
taupir ^ J,tcr7 of biafogti c g^c; are laid in the imetstices of the bark ; the grubs 

on hatching out eat shallow irregular shaped galleries 
in the bast and sap wood about 8*12 inches in length* They bore further into the 
S!ip wood to pup ite. The top of the pupating chamber is dosed with a white 
calcareous cap. Beetles appear m April, 

The Lamiidcs are usually brightly coloured longlcorns and wruld seem to 
contain species which prefer the softer branches of trees or the tops of young 


saplings to the hard wood of the stems* 

Ar example of this sub*family is the beetle known as the s^l-gbdler, C<xlo$~ 
terna jea^r* (fig, I99X whose life-history is as follows t —The female lays her 
eggs towards the end of the rams in notches in the bark of the shoot somewhere 

near the upper end, either of a leading shoot or side 
Mfe-fahttry of the Sii branch* The beetle then girdles the shoot below the 

C ' hf ‘ point she has laid her eggs in* Hi* shoot dies above the 
girdle, and the larva on hatching out feed on the dying 
wood thus provided by the female* They change to the pupa state within this 
dead portion which will probably by then have been blown or knocked off the tree. 
The beetle emerges during the rain^, laying Its egvs towards the end of this season. 

Another species* probably a Batocera, has been found peeling off ihe soil bark 
of mulberry in the Dun* Bntocera rubus infests the fig tree in Baluchistan* 

The genus Stromahum contains several wood-buring members* The e^gs 
appear to be usual y laid upon the main stem or branch of young saphngs and 
poles; the grub An emerging bores straight into the heart of the stem or branch 
and then tunnel* downwards* If it is in a branch on reaching the main stem it will 
tuniiel down he centre of that* In this wav saplings are killed and the woo o 
poles ruined, although the free may not be killed. A species of the genus s 

in sandal in this way, reducing or ruining the value of the wood- Another, . ar 
a tum, is known as the Kulsi (Assrm) teak^borer owing to its killing oil young ten* 
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saplings in that plantation- This insect also tunnels into Dendrocalamus strictu$ 
in the Central Provinces and dry k^air wood in the Delira M us-um, In the laiter 
case the eggs were probably laid in the green tree, the beetle issuing after the wood 
was cut. 

The grubs of the genus Xylotrechus usually feed u the cambium Inver 
of green trees, pupating in the sap wood. Species are kn nvn to attack punkadu, 
sil, Anogehsus i?), Querctts di l at at a t and other trees, Xylotrechus quadripes is 
the well-known * coBee-borer F of Southern India* 


Rhynchophora • 

The head forms a more or less elongated beak or shout. The 
third tarsal joint at least is usually broad and densely pubescent 
beneath, 

FAMILY XXIV ,-—Curculionuise (Weevils), 

The head is prolonged into a well-marked beak, called the ' rostrum 
which bears a pair of .elbowed clavate antennae on it and carries ifae 
mouth parts at its tip; the antennae often fold back into a groove 
placed at the side of the rostrum* I lie palpi are small andi the labium 
absent* The elytra bend over the side of the abdomen. 

The Curculinmdse are an enormous family of beetles, containing 
about 25,000 known species. They do damage to the wood, leaves, 
shoots, fruits, and seeds of trees and crops. They have been reported 
in this connection from many parts of India, The larvae are white 
legless grubs which tuond into vegetable matter of all kinds. 


The Palm weevil (Rhynchophprus signaticoltis) is atypical example of this 

family. The female lays its eggs at die base of the leaf 
& stalks on some spot where the stems have been injured, 
" or m holes drilled by the rhinoceros beetle ( Oryctec ). 
The larvae tunnel their way through the heart of the 
JJ“ k ,“ n ? °* ten kiI1 tbe trce outr *K ht - The pupa i s formed in a cocoon of p a j, n 
f. K ? h °f b u fr L W ’ The bee,les fly at nifht, being often found in the day in 

The - th t e , rh '"“ ero * beetla; fi S- Mi the larva, cocoon, pupa. ttn d b«tl e< 

The palms tn the Saharanpur Botanical Gardena were badly attacked in this wav 

JS J“, rS ® B °* SeVer J bein e er,tire, y killad . whilst Others were so riddled that 
M /, h V° CUt ? 0Wn * Thi> beelle is aCQmmon and serious pest in parts of 

.o to ol “ ‘" <iia '' “* “ p,ob * bl >' 

—*» 
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Mahogany. Ptnus khasya, and dhak have been reported as being tunnelled into 
by weevils. In the case of the former two the grubs feed in the bast, gnawing out 
large winding galleries in it* When full fed they eat out a chamber m the sap wood 
and pupate in n* Fig. 202 shows Cryptorhynchus sp„ the Pinus khasya weevil 
and figure 203 the galleries made by the larvae in the hast layer of the tree. From 
December to February this insect is to be found in all the stages of larva, pupa* 
nrd beetle in the b*st and sap wood of the tree. The insect has become a pest at 
Maymyu where trees have been killed by it. It is also plentiful at Shillong,* 

The shoots of the HilLbamboo (Dendrocalamus) are bured into by the weevil 
Cyrtotrachdus dux t and tops sb attacked die off, 

In the Chittagong Hill Tracts a large weevil named Cyrtotrachdus longipes 

attacks young muli bamboos {M elocanna bambusoides) 

1 Ii<r_h 111 t>rv of Cy*to* when they are 1—2 feet above the ground* The female, 

Ungiptl, J , . , , . , , 

a large brown beetle with a long rostrum* fairly long 
elbowed antennae and enormously developed front legs, lays two eggs on the side 
of the shoot towards the end of June* Only one of these eggs appears to develop, 
as only one larva is subsequently found in the shoot. Un hatching out, the young 
larva tunnels directly into the heart of the shoot and then burrows down the 
centre of it till it reaches the ground level, lithen moves back to near the top 
and cuts the shoot thrum*h all round below it ; the top containing the grub thus 
falls to the ground and gets pressed or dragged into the rain-sodden soil. The 
larva then pupates within the shoot about the end of July and the msec! remains 
in the pupal state all through the heavy rains and winter months, tne mature 
beetle emerging the following June. This insect rs capable of d«'ing a very con* 
sidtrable amount of damage to the bamboo, which grows over large areas in the 
Chittagong Hill Tracts and country to the east* A severe cyclone swept up into 
this region in October 189; and cleared a path fur some distance through the 
forest in the hills. The succeeding year the muli bamboo came up m dense 
masses in this cleared area, and this abundance of their food plant probably 
caused the severe attack experienced from this inject in 1899 and 1900. In fig* 204 
all the stages in the life-history of this weevil are shown and also a tunnelled shoot 

of the bamboo it infests.t . 

A large species of this or a closely allied genus attacks in a similar manner the 

large 4 - 5-foot high shoots of the CephalosUchyum bamboo m the Lower Burma 
forests The grub is well known to the Burmans who hunt for it in the 
rainy months and eat it-* haoit which is also followed by the Chittagong and 

Lushui Hill people in the case of the Mult bamboo pest. . . . 

As examples of pure leaf defoliators, where the leaf is eaten as food oy the 
mature insect, the genera Myltoccrus and Lyphictrus may be quoted. Siasu an 
Acacia arc dc.oli.cd by L former. .be l.«c, by the bee* ,J^mm 
shown in fig- 205, whilst teak is attacked in Bcrar by a species of the latter. Si 

fir is also defoliated by a weevil i n the North-West Himalayas. __ « 

• Vidt Departmental Notes, I, p. 41* 
t Ibid, 191. 
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Another genus of small weevils named Apoderus defoliates trees for quite 
another purpose, i.t., to provide a store of food for the grubs. An egg is laid on 
the apex of the leaf and the latter is rolled up into a roll or ball. Species of this 
genus have been observed defoliating the sissu. Quercvs ineana, Q, dilatata, 
Primus padus, hard, Anosreissnt latifolia, etc., the insects observed being found 
in places as far apart and under as varying conditions as obtain in the Jaunsar 
Hills and the Sutlej Valley in the Nortt-West Himalayas on the one hand and 
the forests of the Satpura Range in the Central Provinces and the Coimbatore Hills 
in Madras on the other. In ovipositing the female deposits one egg usually, if 
not invariably, at the apex of the upper side of the leaf and to the right of the 
midrib. It then cuts the leaf across about the middle or near the base, either 
on both sides of the mid rib, leaving the latter intact, or else right across from 
one edge to the other, leaving a small portion at one side uncut. The cutting is done 
hrst and the egg laid at the apex afterwards. The cut portion of the leaf is then 
folded inwards down the mid-rib and the leaf is rolled up from apex downwards 
mto a little roll, the edges being neatly tucked in on either side. The roll hangs to 
the lower part of the leaf till it dries and then drops to the ground. The larva, on ' 
hatching out, feeds upon the store of food thus provided for it and probably 
pupates m the ground. Fig. 20 6 sho vs Apoderus incana one of these bee.Ies which 
defohates the Quercu: mama in this manner and a portion of an attacked leaf. 

The seed of both oak and sdl is attacked by weevils and ruined 

_ * "’"t 1 U ™" ' ) as Calai,dra tcipturata has been reported attacking the 

round At ' about 3o P er cetlt ‘ ° f the seed crop of the frees 

round Mussoone bring destroyed in 190* In this case the eggs are laid near or 

"t, “ nr *,* erubs riddi ' ,h ' “ orns - mi.™ b«ik S „« 

be found in these latter in June. Mr. B. O. Coventry was led to thi e Il!l . 
collat'd hlS r idng thC gGneral absence ° f natt,ral regeneration of this oak™ He 

m 'r' ! ‘ h0W -«V«“ 

N JTC <Br J ” 8J 111 ‘"O **™r walnutsin 

- --- « r:h - 
2r and '" d *" d *-* rhe bUi :„;x £ 

sJX’TV? be said 10 m “g e >»«® the next family, the 
flT 7’, 0US genU9 R V"cholus Of which a species 

ior:rtj s n t p ;ria/f 209 1 The '"*• b ° res ^ ^ 
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fis. 209 b. The eggs appear to be laid at the end of this long gallery. 
The larva has not yet been found. 

FAMILY XXV ,—Scolytides (Bark-borers). 

Small beetles, often very minute. Cylindrical in shape and gener* 
ally dark brown or black in colour. The head is only prolonged into 
... 1 1 - r — ... -'t- antennae are short, with * 


all 


my ” 

a very short beak and often not at an; anicmice <m: aumi. ...... » 

broad club which is elbowed, and inserted close in front of tbe eye, 
the latter being often hollowed out to allow of the insertion of the 
antenna. The antennae do not fold back into grooves. They may 
be considered to consist of three main divisions— 1st, the portion 
joining on to the head, which is the lower part of the elbow, and 
consists of only one long joint called the “ scape 2nd, the 
<1 funiculus? consisting of ns many as seven joints or fewer; 3rd, 
the club , which may be solid, or divided by transverse divisions, 
and varies greatly in shape— vide fig. 2to. The antenn* are 
importance since they are used in the classification ot the family. 
These elbowed antenme and four-jointed tarsi distinguish these beetles 
from Bostrichidae, which they otherwise greatly resemble. The 
prothorax is generally «ry long, often fo. ming half the total ength of 
the insect, and the elytra cover the whole abdomen. The tibi-e are 
flattened laterally, and in the majority the front t.b.a: are set w.th 
koines on their outer edges (see fig. a. ib) , the third tarsal jo.nt may 
1P “ v not be bi-lobed. The larvs are small wh.te curved grubs 

ILn bostriohid grubs, but differ in being legless. The pupa 
f'“wte and has the shape of the future beetle, the legs, antenn* etc, 
(Tngfree. Fig. a. a shows larva, pupa, and imago of a spec.es ol 

SC Tesefnstm J feTas'arule,in woody plants, either in the best 
1 #>r and sap wood or tunnel right into the heart of the tree. 

37 U burrows through the bark to lay her eggs, and does not usual y 
em t . hl cr evices outside, as is the case with buprestids and longi- 
U) h The beetles only appear for a short time for eggdaying, but 
t:0 " ,3 ‘ l . S they are often present in large numbers. The 
durtng t is J* , d j t a generation usually issue from the trees 

^rlt^t^a^tLsameUmc and By off * -arms 
to attack amiable ones in the vicinity, 



f * 


202 . 

203. 

200 . 

206. 

207. 

aoa. 

206. 

210 

211 . 

212 , 
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Tbe bark forms, i.e. t those members of the family which lay eggs 
in tbe bast layer of the tree, as distinguished from the tree wood 
borers, may be either monogamous or polygamous. 

In the monogamous forms the female pairs either outside or 
inside ihc irte and then bores through the bark and proceeds to 
make a gallery in the bast and sap wood, this gallery having a certain 
definite direction which is always constant for the same species. 
The beetle may take some days to prepare this. As she bores she 
makes a series of small depressions on either side m each of which 
as soon as completed, she lays an egg in a little mass of fresh soft 
wood dust. The grubs on hatching out eat out galleries which run 
at an angle from the mother-boring. When full fed the larvae enlarge 
the end of their galleries into pupal chambers, which may be either 
in the bast or may be bored into the sap wood [of, fig. 213). The 
larval galleries may differ in length and also in direction but the 
general' plan * of the egg and larval galleries is always constant for 
a particu’ar species and different to those made by other and even 
nearly allied species. This is one of the most economically important 
characteristics of the Scolyiida to the forester since it enables him 
to satisfy himself as to the presence or absence of a particular 
pest in his forest by an inspection of the bark and wood, without it. 
being actually necessary to see the insect himself. 

'1 he entrance gallery through the bark may be commenced by the 

female who then attracts the male near the entrance hole and pairs 

with him there, or the male may bore a short way into the bark and 

eat out a small pairing chamber to one side of the short entrance 

tunnel. The female joins him there either by entering down his 

tunnel or by boring a separate entrance tunnel of her own which 

exactly hits off the pairing chamber. In each case, after pairing, the 

female carries or continues her gallery straight down to the bast layer, 

and then eats out the egg gallery at a right angle to the entrance 

one. The female usually remains alive for some time after egg-laying, 

crawling up and down the egg galleries, which she keeps quite free of 
wood dust. 

In the polygamous forma the male beetle tunnels through the 
^ ^ reaches the aap wood in which it bores a small depression 
which is the pairing chamber, and there remains, The females either 
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come to him, entering by the hole he has made, or bore their own 
entrance holes through the bark until they reach the pairing chamber ; 
they are then fertilised and tunnel out galleries leading of! from the 
pairing chamber. On either side of these galleries they bite out small 
depressions, laying an egg in each. These depressions are not r ut at 
such regular intervals as in the case of the monogamous forms, and 
when the male pairs with four or five females, four or five egg galleries 
thus radiating from the pairing chamber, it is observable that the eggs 
are often laid only on one side of the egg gallery {cf. fig. 214) If the 
egg gallery made by the female is a long one, she bores ventilation 
holes horizontally through the bark here and there to the outside. 
These holes are so eaten out that a very thin layer of outer bark is 
left over them. This suffices to prevent predaceous animals, chiefly 
insects, from entering the egg chamber to devour the grubs. The 
' plan ’ of the egg and larval galleries is, in the case of the Indian 
forms at present studied * by the writer, always the same for the 
same species of beetle. The dead body of the female is often to be 
found at the end of thf* egg gallery as she dies as soon as she has 
finished this work. The egg gallery may or may not be blocked up 

with wood-dust by the beetle. . 

Other members of this family feed upon the wood only or their 

larvae require wood as food. The beetles bore through the bark down 
into the wood, the tunnel going straight in or at an angle. At the 
lower end they eat out several small offset tunnels in which they 
lav the eggs {cf fig. 2if.) ! the grubs on hatching out either enlarge 
the egg tunnels or they are 'ambrosia' feeders and feed upon certain 
fungi which line or live on the walls of the tunnels bored by the 

parents, which latter may have no off-sets {cf fig. 216)- 

The wood boring Scolytidaj may be either monogamous or poly. 

gamous in their habits, . 

The Scol\tidx contain numerous species which are destructive 

to trees, and research is showing that they probably play a very 
important part in the Indian forest, attacking both broad-leavedand 
coniferousLes. In the case of the bark-borers the damage is done 
bv the beetles and the larv® res ulting from the eggs laid by them , bo^ 
—D^e^TTTote, on Forest, which" affect Forestry, Vo!. 1 PP- 
to aS 6 , 389 to 405, m which a number of new form, are de,cnbed. 
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217. Portion cf the trunk or a /Vjffrt badly infected by Poi*jgrophu» 

Trenrhi ; the bark thow* the curious 41 weeping " effect caused by the exudation 
of the tc$hi ftotn the entrance boW of the beetles. 

218 . Brnnch of PimiH txctlsa infected with Potf/frrnphu* major : the circular rim* of 

white refun phi rounding the entrance holes are visible, 

219- Example* of the 3 bu b-families of the Scolt/titfce. Q* Solcytud and leg ; b t Potygvophus 
and leg ; c. To mien ft and leg. 
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of whom bore under the bark in the b?st layer, their excavations de¬ 
stroying this latter and leaving an indelible impression of their former 
presence either in the bark or in the sap wood, or both, of the tree. 
When sevejc attacks liavc been experienced, if the bark be removed, 
both it and the sap wood will be seen to be completely covered, 
sometimes from the top to the base of the tree, with the galleries 
of the beetles and their grubs. Now, as in making each of ihese 
galleries a certain amount of cambium has been destroyed, it therefore 
follows that the strength of the tree has been lessened thereby, and 
when the attacks are on a large scale the tree will die, The insects 
do not usually attack healthy trees, but choose either newly felled or 
sickly ones in which the flow of sap is less strong. When the beetles 
are very numerous, however, and no sickly trees or newly felled ones 
are available, they will attack healthy ones. In the first a.tacks 
numbers are drowned in their partially-constructed burrows by the 
flow of sap put out by the tree in response to the atta^, but this fiovv 
becomes gradually weaker and weaker, and the beetles finally gain 
the upper hand and kill the tree. 

Coinferous trees infested by bark-boring Scolytidae can easily be 
distinguished by the following:— 

{a) The foliage turns yellow and commences to drop. 

(£) the trunk shows on the outside beneath the entrance hole 
an elongate pear-shaped drop or tear of resin. Trees 
so affected are said to be ' weeping,’ and when badly 
attached these ' tears * are very numerous and easily 
visible {vide fig. 217]. In the case of a branch the 
entrance hole is usually marked by an elevate circular 
rim ol while resin as depicted in fig. 218. 

Little is at present known about the wood-boring forms They 
are very numerous and attack the wood iu various deg.ee of dryness 
some boring into the newly felled tree or the sickly green tree sS 

ing in the forest, whilst others only tunnel into timber which has 
reached a more or less advanced stage of seasoning. 

SCOLYT?N, iDt ° ,hree mai “ He 

bCOLYTINl, HYLESINI , and ToM/C/NJ. These sub-families 

are easily distinguished by the different conformation of the end of the 

abdomen in each; the entire front tibia in the Scoiytini also separates 
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it from the toothed ones in the other two groups {vide fig. 219 


The SCOLYT1SI can be distinguished by having the end of the abdomen 
flexed upwards and the tibi^ are entire on their outer edges and end in a hook. 

The genus which confines its attacks to broad- 

mi^ 1 ° f Sc * htut leaved trees in Europe, has been found to attack the deo¬ 
dar in India* It also attacks coniferous trees in America. 

The following is the life-history of one of the Indian species, Scotyt us major y 
Steb.* The beetle is a monogamous one, the female pairing with the male outside 
the trees* The eggs are laid in thebaat and sap wood, and to do this the beetle 
bores horizontally through the bark until die reaches the cambium layer, the en* 
trance hole being generally beneath a branch or flake of bark* The female 
then turns and bores her egg gallery t220 a} in an upward direction, grooving both 
bark and sap wood. This egg gallery consists of a number of small continuous 
i\g-ZRg curves taken vertically up the tree. On either side of the groove 
indentations are cut and an egg is laid in each, from 60—70 being deposited- The 
lai va*, on hatching out, eat out galleries (b, b) in a direction away from the mother 
one at various angles, so that the figures impressed on ihe wood and bark consist 
of a number of radiating larval galleries, longer than the female gallery, which give 
otf from the central mother tunnel. This plan of gallery, forming an elongate 
ellipse {vide fig, *3o), is very characteristic of the genus Scotytus* The beetles 
oviposit towards the end of May, the larvae are full grown in a month, pupate 
at the end of the galleries ic, c), and the mature insects issue during June and 
July and at once pair and lay eggs, the latter producing a second generation of 
the pest the same year, «\#. t fresh beetles mature about October, A closely related 
species, Scotytus minor Steb„ tfig. 212) smaller than the last, is usually found in 
company with it and lives in exactly the same manner* Its galleries are smaller 
and fewer eggs arc laid. Fellings in the deodar forests usually commence in 
April and continue on into the summer, this practice, in the cases where the 
trees are not barked, assists the rapid increase of these beetles since numbers of 
new-Iy felled trees are present in the forest at the periods at which the beetles 


Life-history 
dradUTt* 


Right and oviposit. 4 M 

Another species of Scolyius, S. dtodara (fig. 221 a), occurs in the N.-W. 

Himalayas. This beetle girdles green deodar branches 
of Stolen ; n j une aru j l a j S | ts eggs in the part of the branch 
above the girdle. The young larva on hatching out eat 
and sap wood of the drying branch (fig. 2216); before 
pupating they enlarge the end of their tunnel in the sap wood, rhe reason 
for girdling the branch is to ensure the prov.s.on of dy.ng wood for the 
larva:. The length of the larval gallery is never more than 2—3 incheswhilst 
the branches ringed are often several feet in length, the insect thus girdl.ng 


out tunnels in the bark 


• This beetle is allied to Scolyius 
life-history, t ude Departmental Notes on 


destructor of Europe. For further information on 
Insects that affect Forestry, VoL I, pp *45 and 203* 


its 
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far below a point which would suffice for what its larv» require, The beetles 
mature and issue in July* There may be a second generation of the pest in the 
year. Both old and young trees are treated in this way by the beetle, the leaders 
of saplings being often girdled and killed. 

The HYLESINI may be distinguished from the Scaly tin i owing to the abdo¬ 
men being flat beneath instead of flexed upwards, whilst the tibiae are toothed on 
their outer edges. This division contains both monogamous and polygamous 
forms. Species of the former, e, g. t Sphatrotrypcs have been found by the writer,— 
to give but three instances,—attacking sdl frees in the SiwaLiks and Assam, and 
Attcgiissus latifolia in the Coimbatore forests {in Madras) in a very similar 
manner. 


The male beetle tunnels a little way into the bark and then eats out in it a 

pairing chamber as described above. The female bores 
Shhcfr ' a separate tunnel to meet the pairing chamber, and On 
reaching it pairs with the male. She then continues 
her tunnel down to the cambium layer and mines out in this and the sap 
wood a short straight egg gallery parallel to the long axis of the tree. Eggs 
are Said in notches on either side uf this gallery. The larvae on hatching out 
bare away at an angle to the egg gallery, and fhe pattern produced is not unlike 
that made by a Scviytus t but the ellipse is rounder and blunter, the egg gallery 
being straight. Ftg* 222 a. b . c - shows the larva, pupa and beetle and fig* 213 the 
galleries in the bark* The sil beetle here described has three, if not four 
generations in the year. The species of this genus attacking the sil in Assam and 
Anogeisaus in Coimbatore act in the same manner. 

Amongst the Indian polygamous forest HyUsini ^ yet known there are 
species oF Polygraphus and Pityogtnes, etc* Two species of Pvlygtaphvs are 
to be found attacking the blue pine fn the N.-W, Himalayas, and they alto infest 
f , , the deodar and spruce* The Urgent one, Pvlygrophus 
fhut major. wd/tfr, steb,, confines itself to the tops and branches. 

There is a central pairing chamber made by the male 
from which usually three egg galleries are bored by the females. The larva feed 
wholly in the bast layer, but pupate in the sap wood, boring a depression or hole 
inti. 1 here are at least three generations of the insect in the year, Fig. ia* 
shows the larva and beetle. * ^ 


The life-history of Polygraphs minor, Steb.. is very similar save that it 
practically confines itself to the main stem of the tree, where it is almost invari- 
ably the companion of the blue pine Tomictn (see below)* 

Another species of Polygraph us, P . Trench!, Steb,, is a serious pest of the 

Life-Mitory „f Gorardia**) in the North Zhob pine 

thuirrtnthL forests of Baluchistan, The insect infests the trunk 

and all the large branches of the tree, The male 
bores down and eats out a pairing chamber in the sap wood. Three or four 
females enter and pair with him, the first and third carrying their egg galleries 
vertically upwards, the second and fourth downwards. The egg galleries we long 
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members of the genus Cryphalus* 
brown or yellowish in colour and 
They are generally to be found in 


and have two or three seration holes bored at right angles through the bark, a 
thin covering being Irft on the outside* This insect runs through three or four 
ger orations in the year* The beetle attacks living standing trees : attacked trees 
can be detected by the foliage turning yellow and by the numerous pear-shaped 
drops of resin on the bark (fig* 2171.* Fig* 224 shows this beetle and fig* 225 the 
egg and larval galleries in the bast layer of the tree* 

The TOMICINI are distinguished by having the ends of their elytra truncate, 
the head is spherical and hidden beneath the prothorax, which is often covered 
with projections and a^penttes; the third tarsal joint is simple* Several species 
of this division of the Scolytidcr, both monogamous and polygamous forms, are 
already known in India t 

Amongst the former may be mentioned 
J hese beetles are very minute, usually light 
often covered with a whitish pubescence* 
the smaller branches of trees or in the tops of saplings* The male and female 
beetles bore through the bark, often entering by different holes. In the bark 
they excavate an irregular chamber after which they pair and the male leaves 
the tree The female then enlarges the pairing chamber and lays her e>rgs 
in it, covering them over with fine saw-dust* The larv® on hatching out 
simply enlarge their chamber by eating it away on one or more sides. Several 
generations are passed through in the year* It is not improbable that it will 
be founJ that most forest trees in the country have a member of this gentjs 
present in the bast layer of their branches* Species have already been found 
infesting the follow ing trees ; - Teak, Basrcellia se^rata, spruce, Pinus l on gifolia, 
and deodar* Fig. 226 shuws the beetle Crypkatus Bosiceiiia*. 

Another monogamous beetle of this group is a species of NylasUs (fig* 227) 

which has been discovered in the North* West Himalayan 
Life-hiitoiy of HylaJttt f ore sts, Hylastes sp. bores into the decaying and dead 

wood of blue pine and spruce trees* The beetles pair 
inside the wood and the female then continues the tunnel and lays eggs in small 
offsets eaten out at right angles from it* 

An example of a polygamous beetle of this division h the Blue Pine Tomicus i 

Tvmicus sp*, (larva, pupa and beetle shown in fig* 288 a * 

urc-histary of Trmtui ^ c \ which is at times vcfv abundant tn blue pine and 
tp tht ZJJiff Tcmtcutr T vt tir V»- 1 , * ‘ 

spruce trees in the N*-W, Himalayas and is a source of 

very considerable injury to them. The beetles commence laying the first batch of 

errgs of tbe year at the end of April or in the first t.cek of May. Ti e male bores 

into the bast layer and makes a pairing chamber (p) in the sap wood ; the female? 

enter, and after pairing with the male, mine away from the pairing chamber 

(fig. 229), their egg galleries (c, e) running more or less in the long axis of the 


• Vidt the Note on the Chilgoia bark-boring beetles of Zhob by the author (igoj), 
t Vid4 Departmental Notes on Insects that affect Forestry, Vet I, pp, a 35 and 261. 
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tree; from three to five such galleries are made, eggs being laid in notches at 
their sides. The larvjp, on hatching out, feed in the bast layer and sap wood, 
They pupate in the bast. Fig. 230 shows a piece of blue pine bark covered with 
the egg (e>and larval (I) galleries of this Tomicus, Three, if not four, generations 
of these beetles are produced in the year, and at limes they swarm so plentifully 

that the inner surface of the bast and the sap wood appear to be almost black 
with beetles. 

Species of Tomieus, T. longifolia, have also been found attacking Pinus 
longifolia and P. Gerardiana in the same mariner, 

Ptiyoggtts ant feta, Steb., is a minute beetle which has usually 5—6 egp 
galleries radiating in a stellate manner from the central pairing chamber It 

l‘r/T tfiS ‘". thC * ap W °° d ’ and is *° be fou " d in lhe blue Pi«*. chil^a pine 
anddeodar-aturnesm enormous numbers. It has at feast Lr, and probably 

W^ 7 fT S ,0 t C y * ar - 11 infesls aU P arts the fee. Fig 231 „ shows ,he 
beetle and, b t the egg and larval gaJIeries 

Xyltborus is a wood-boring genus of this sub-family. Itisverv nnnw«„ 1 
. represented in this country. Xyltborus ftrforans (Z Z2) 2 ZZ / 

Family XXVI .—Plahpodx (Platypides ot some authors).* 

elongate and slender, the third joint not at all lobed, whilst theV” 

the'thora" 1 being'very JoZ T °! * naFr °' V ’ e,on g* te 

tudinaliy channelled and each curved round aMh . a " d lon &' 

a calliper-like arrangement. the C5ltre,nit y forming 

almost cylindrical MdTegteM ^the Z ’V*" Sc ° ]ylids > 

developed. The body constrict-* a - fair y ,ar S e and wel I 

being oblique and b )Lt. A flat plale^f chV ^ SCgment 

^ meat3 ^ ^J^Th^pa is Songate an d ^ * dr " fa 

B oth* 7a B tir **P0'»~*he« — |nsec7(* 

beetle and that of its grub and pupa ,|L differ “ t l 1 *^ Cture and of the 

e0W " V»««abk in the habit, of £ ^ J ff0m th# **«*>• Th C 
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These beetles bore into the wood of trees and stumps, and are 
proving to be somewhat numerous in the country. The beetles drill 
cylindrical holes right down into the heart-wood of trees and then lay 
their eggs at the bottom. The larva: on hatching out feed upon fungus 
substances which grow in the walls of the tunnel made by the male 
and female beetles. It is owing to this curious method of obtaining 
their nutrition that they have acquired the name of‘ambrosia' beetles. 

The beetles tunnel into green standing or felled trees and also 
into partly dry ones, but observations seem to show that- they will 
not touch very dry wood. The presence of the bark on the wood is 
immaterial since the beetles bore equally readily into the ends of logs 

as through the bark on the sides. 

During ihe last few years considerable researches have been made into the life- 
During Ihe last o( , ptd „ lhis (amily . Newly felled deouar 

trees are at once attacked by a species, Crossotarsus 
conifers, Steb.. (fig- = 33 ) in the North-West Himalayas. 
This beetle bores straight dnvn through the bark into the heart-wood of the 
Irefi 3 Tuaklnff 0 a cylindrical runnel in which bo.h mule end female beeiles are 
he found The eggs are iaid at the bottom of this tunnel in June and 
^ present in fh. tunnels ,n July. The bee,les sometimes appear very 
mjmrrously 1 and a,tack the tree ia company with and mtner. 

Ano,her specie, inf s.s the spruce ,i" the sameimamten „ 

., pi ;:r:s : *:srsJrs »»*,“ * standing o„e„ e gg ..a,iag 

mto the “ n y 0| lhe taetle is to be found on the wing at the commence- 

ment’of May “the insect probably posses through J to 4 or more in the year. Ftg. 

^‘o^l^MwoI'speciesolthe genus Di .,«. (f> 

oak i Ouertus incana) in Ine norm 

.imilar manner■" ^ ^ „ ul „,e beginning of June, lares. being 

layas. The c,g talutae, of which the fig ? 3 S. a > b shuws the 

present in ,he ' tun " C . J g horea ta!uJJC J„ the Coimbatore forests in Madras. 

The beetle egg-lays in July, young larv* being found at he e d 

Another member ol this or a closely all,ed ! " Sul lrb.n S 

* «*«* "“^r-'^'The beetles appear 

in Bengal. At times mis in k . r(ght doWn int o the heart, 

in April and tunnel into dm: «ood , rt.tr gall g^ ^ 1 . mit<iri „g , rom these 

A lew eggs onlyJ** ™ jX', snadri and lay eggs. There are therefore 

egg, pair, and tn thdfo • urn u-» wi j only ,„ u cb Iresh or com. 

at least two generations in the >ear. 
paratively fresh wood. They will not touch dry sundn. 



Plate XL.VI 


ISC 



** tLrT ' u ‘ 3°™™ 4p tfi« 6atit of tfc T3f ue T“.«, *««* e^faa 


p. paitmj XwBtf, t, ^offtew. f ( f #lua [ 


l^tsri 


[To Uc* pdj( 

lit 









h MANUAL OF ELEMENTARY FOREST ZOOLOGY. 




OtW species have been found tunnelling into newly felled Nmclta ses silt folia 
trees in January in Tharrawaddv, into newly felled sil trees in May in Assam 
and into Pinus longifolia in the North*Wpst Himalayas. The species boring inio 
this fatter tree was supposed to be in lenticai with the f Ghoon ' or 1 shot borer' 
of the bamboo, There is little doubt that these beetles find out newly felled or 
sickly trees just as readily as the Scolytid bark-borers do. 


Family XXVIL — Brenthidse . 

Elongate beetles. The rostrum is straight, not bent Over at an 
angle as in weevils, and often very thick* The antenna are not 
elbowed. This is a tropical family of beetles about which very little 
is at present known in India. Some are stated to be wood-feeders, 
whilst other forms are predaceous, their larvae entering the burrows 
of wood-eating beetles to search and feed upon their larvre. The 
rostrum is often used for boring holes in wood or bark, an egg being 
subsequently laid in thp hole so made. The males of these insects 
often differ entirely in appearance from the females. 

this family (Brenthus sp.) tunnels into sal wood in Assam, 
both grubs and immature and mature beetles have been obtained from newly 
felled and ha f dry tree, in the iatterhajf of Mav . A pupa and nearly mature 
eetle have also been cut out of the wood of Prosper mum eteerifolium in the 
Darrang evergreen forests in North Assam in April. Fig. 237 slums the beetle. 

JtewSnSr' d " d ta ,h ‘ -«— 

Tr inter a. 

varilbre^^ apparentl y three-jointed. Other characters are 

Family XXVIIr .—Coccimllidai (Ladybird Beetles). 

SOm . ewhnt brightly coloured beetles with the elytra 
IsCce^ 5 ,7 ,S0 'f ,arsi —p—ce-t be„e»,r Xd 
vary in sbaoe a,id 6 * 'J*** A “ tennai are sl 'g btl V clubbed. The larv» 
with spin es P . fi d markin ® S ' some being small coloured grubs covered 

° f I en C ° n3pic —* When g chan g i„ g to 

bulk prey ton "her 1 i 6 f8, f' y ? *** fee ^ greater 

They deslrov »U i nsec *s and are exceedingly carnivorous. 

* ■ ^ lesale plant lice^ scale insects etc wliich ar^ in 

)U " 00S 10 “«"« In uu way hJJZZZZZ 
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to man* A study of this family in India is likely to prove of the very 
greatest use since it is probable that it contains many members 
which are most valuable allies both to the forester and the agricul¬ 
turist. An instance of this kind will be given here, the life-history 
being that of aladj-bird beetle, Vedalia Guerinii % predaceous upon a 
Monophlebus scale insect, Manophlebus stubbing! t which during recent 
years has appeared in enormous numbers and committed serious 
injury in the buvaiik and adjacent sil forests in the United Prov¬ 
inces and Punjab, 


Tbe Me-histury of this predaceous beet'e is very simple. The female Mono* 


phkbus scale fsee p. 164) first appears upon the leaves in 
Life history of Vedalia . . , , . ^ . * 1 n 

Gu&rinii * the co “ wt> ather months, December and January. By 

the middle cf March it is hatkgrown, having by then 

descended from the leaves to the twigs. The small active black or grey-coloured 

larvae of the Iady*bird beetle are then to be found running over the trees and feeding 

upon the scales* They suck the soft fat scale quite dry, leaving only a shrivelled 

skin. When feeding upon the coccid they attach themselves 10 the branch by 

means of a small sucker-pad arrangement they have at the end of their bodies. This 

attachment *s so powerful that the scale, which is several times larger than the 

corcinellid larva* is quite unable to drag the grub t>ff and thus escape* Towards 


the end of March and on into April the larvae begin to change into small crimson 
pupa;. In doing this they first attach themselves to a leaf or branch by the 
sucker-pad and remain projecting out at an angle from it. After 24 hours the 
skin splits down, shrivels back, and discloses the crimson pupa sessile on the leaf 
or branch. After 7 to S days the skin of the pupa splits down in front and the 
small red beetle crawls out. It is first covered with a white down, but soon lose 
this, and darkens to a dark red with six black spots upon the elytra. The beetle 
also feeds upon the scale. It pairs about the end of April and then lays eggs. 
The life-history for the r^st of the year has nut >et been studied, big 2 %$* shows 
the larva, b, a la/va commencing to pupate, and a pupa sessile vn a branch and 


c, the beetle. 

Other species of Coccinellidx arc Hipfcdamia varitgata van DouhUdayt ot 
which the pupa, in a twisted up peach leaf, and beetle arc shown in fig. 239 : it 
is predaceous upon the peach Aphis of the Dun; Coccindla septempttnetafa 
(fig, 740 a) which is of almost world-wide distribution; Hipfcdamia consUllata 
(fig, 24ti) which is predaceous upon the Himalayan Chtrmes pest, Chermes abutts* 
pitta* ; and Cmlophoxa saustti also predaceous upon the peach Aphis of the Dun ; 
fig, 24 b shows the larva and beetle of this latter insect. 


Useful Coleoptera * 

The Lamdlicoms include dung and other useful scavenger beetles, such as 
Scarabttus . Amongst the Adtphaga , the Cut nd* lid* and Cara bid* are useful preda- 
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ceous families containing many carnivorous forms* In the Clavicornia the Stlphida 
include tne useful carrion and burying beetles and the Staphylind® t Histerida 
tfilidnlid&i and Trogositidcs containing numerous forms predaceous upon bark- 
boring and wood-boring pests. Under the SerricornU the larvae of the Malac&der* 
mida are supposed to be predaceous and the family Glenda; are likely to furnish the 
forester vytth several useful allies* Thanasimu& htmaiayensis, described as feeding 
upon several sc dytid pests, being of an inestimable value in the forest. Some of the 
Elate rida I nr vac may prove to be useful m this connection. The metallic coloured 
dyiraof the Buprestida ate used to some extent in Southern India for ornamenta¬ 
tion purposes and nUo a 3 Ciste marks, whilst the Cantharulee contain beetles, 
such as the oil and blister beetles, which are used in medicine. Little is known at 
present about the BrenthiJa in India* but ihe family is known to include preda¬ 
ceous forms* The C&cctttethda are likely to prove of very great value as the 
family contains many exclusively predaceous insects. 


i>UTE 1LTIH 



942. Suana concoivr a. I*rva ; cocoon on » S*1-u« branch , e. P«P« ; <*• 

243 . Diagram of the wing- of * butterfly ; A. ^L^ra-rS [ °i 

cohlaI; M. median; SM *»d bN, submedt-n oenrur™ , divifinnl of tub- 

nervure ■ UR, lower radial ; OR, upper radial, SC i to^>C S, anowon. 
cootal ; k l lo M ], division- of o«uill nervure ; C, cell , DC, 

244. A loo per caterpillar (Bin tom rupprenaria). 
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Chapter VI11. 


Order VL—Lepidoptera. 

This order comprises the butterflies and moths, both of which are 
very numerous in India. They are provided usually with four wingfj 
all of which, together with the body, are covered with coloured scales, 
those on the body looking more or less like hair. The mouth parts in 
the perfect insect are formed for sucking and are in the form of a 
coiled tube or proboscis. This proboscis is the characteristic feature 
of the mouth of a lepidopterous insect, and owing to the possession 
of such a mouth the destructive powers of the adults are very limited. 
The head is small with two large eyes, and ocelli may be present. The 
antennae are simple and knobbed or pectinate. The prothorax is 
small, flat, and scale-like, and is attached to the other portions of the 
thorax The wings are various in shape, and the hind wing is sometimes 
prolonged into a tail The wing is divided for purposes of description 
into the following regions; inner angle, costa, outer angle, hind margin, 
analangle, and inner margin fig, 24 ). The wings are always frmged 
with hairs. The legs are unusually long, slender, and weak, the tibia 
being furnished with spines In most moths the upper and lower wing is 
joined by a hook and loop arrangement, the loop being on the upper 
wing and the hook on the lower This is never present in butterflies. 
Tarsi are five-jointed 1 he abdomen is cylindrical and sometimes 
flattened on each side, The males differ from the females in being 
smaller, more brightly coloured, with a thinner body, more highly 
developed antennae, and by having the body sometimes terminated in 
a clasping arrangement for catching hold of'the female. The eggs are 
various in shape and are often very elaborately marked, Practically 

the only damage done by this order is committed in the larval stage. 

The larva (24<0) has a cylindrical worm-like appearance. It consists 
of a well-marked head followed by twelve segments. The first three 
segment, bear lege, which are jointed and horny, and are called 
thoracic lege; neat there are two email segment, with no legs and 

abdominal legs jfollowing these there are two more legless segments, and 
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the last segment bears a pair of clasping legs. Never more than eight 
pairs of legs are present in the Lepidopiera, though the number may be 
fewer and in this way caterpillars can always be distinguished from 
saw-fly {Ten'hredinids) larva which greatly resemble them; the 
latter having always more than five pairs of clasping legs. In some 
caterpillars only the thoracic or pro-legs and the last pax of abdo¬ 
minal and clasping legs, are present (fig. 244). In a few cases the 
pair of clasping legs is absent. The head is furni-hed with a few ocelli 
placed just above the mouth. The antennae are short and thieejointed. 
The larva issometin es provided with silk, and there are then two small 
glands at the sides of the body, the silk coming from these in the form 
of two separate threads, which become glued together bv a cement 
which hardens in the air ; the larv^ suspend themselves by this thread. 
There are nine pairs of spiracles (breathing openings) present, situated 
at the sides of the 2, 5,6, 7, 8, 9, 10, and 1 l segments (fig. 250 B, a). 
The anus Is covered by a triangular flap. The larva is covered with 
hairs which may be few and small, or long and numerous ; these spring 
from tubercles situated on the skin. Whilst developing the cater- 
pihar passes through a series of moults, 2 —5 in number, but usually 4, 
during which it may change considerably both in form and colour. 

The larva pupates either by burying itself in the ground hanging 
itself up by its tail, making a silken cocoon, or external covering, and 
changing to a chrysalis within this (cf \ figs, 242, 245), rolling up the 
edges of a leaf and pupating inside (fig. 268), etc. The pupa is covered 
by a continuous skin which only shows the outline of the an‘enn«e 
proboscis, eyes, folded wings and limbs of the future insect and the 
divisions of the abdomen below. The proboscis may project a long 
way in some cases as in the Hawk Moths. When the insect is mature 
it bursts the skin and crawls out. The wings at this stage are very 
small and soft ind crumpled up. Alter leaving the pupal skin the 
perfect insect hangs itself up bead uppermost, and pumps fluids from 
its body into the wings so as to expand them This process ne\er 
takes more than two hours, by the end of which period the wings arc 
fully expanded and hardened and are ready to be used for flight. 

The length of the life cycle of insects of this order may vary 
from two weeks or less to over four years. In the latter case the 
greater part of the time is passed in the larval or destructive period 
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of their life ; this is important in the ease of the wood-boring members 
of the order as it greatly increases their power of committing 
damage. Mimicry and protective resemblance is very marked 
amongst the Lepidoptera, and cases are frequent where a harmless 
insect assumes the shape, colouration, and markings of the noxious 
one in order to escape the attacks of its bird and insect foes. For 

instance, members of the genus Papilio often mimic the colouration of 
noxious Dana ids. 

I he Lepidoptera are divided into the two series of Rhopalocera 
or Butterflies and HeTEROCERa or Moths. 

. Senes .- Rhopalocera or Butterflies.—Antenna: knobbed at the 
Up or thickened a little before the tip, without pectinations or project¬ 
ing processes, ^ Hind wings without a frenulum fthe one or more stiff 
mtles projecting forwards and outwards from the inner upper aiHe 
of the hind wing are called the frenulum), but with the costal nervurc 

strongly curved. The insects are diurnal in habits. Larva has always 
legs. J 

Series, -Heterocera or Moths.-Antenna vary in form, 
generally pectinate, only rarely knobbed at tips, and then a frenulum 
is present, and the costal nervure is either not arched at the base or 

there is a arge margin both between it and the front margin. Larva 
may have less than 16 legs. 


Rhopalocera (Butterflies). 

T * re ° f l’ tt l e . \ n ] I T. Unee in forcstr y as far as is at present known. 
They may be divided into the following four groups 

(i) Includes the majority of butterflies. The first pair of legs 
aremodified, be mg generally smaller than the Others a^d 
not used for walking; the tarsus often does not consist 
of a succession of simple joints as is usua ll y the case 

chnsT eC * 8 * l U T iS 00 P ad on thc tibia. The 
food 7 T " a ^ ed * and IS SUS P ended b y 'ts tail to the 

The famT ” T fj ™ Und the Centre with a sllkei » cord. 

bUt ^ fly H$) belongs], 

Erycxtudi rand Lytmmdce (to which the Blues and Copper 
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belong). The Lycaenid, Virachola isocrates, is a common 
little violet blue or brown butterfly of the plains of India 
(fig. 247). The blackish-brown larva feeds in the fruit 
of pomegranates, loquat, guava, etc. 

(ii) The front legs are similar in form to the others ; their tibia 
have no pads; the claws of all the feet are bifid. The 
pupa is attached to the food plant by a silken cord girt 
round about its centre. The group includes the Pieridx 
containing the Whites, Brimstones, Clouded Yellows, etc. 

(iii) The front legs ate like the other pairs; their tibiae, how¬ 

ever, possess pads, the claws are large and not bifid. The 
pupa is naked and tied to the food plant by means of a 
silken cord round it. The family Papilionidse, consisting 
of the swallow-tail butterflies, comes here. Fig. 248 shows 
the larva, pupa and butterfly of Papilio demoleus . The 
insect defoliates citrus plants, bael, and Ziayphus jujuba. 
The larva mimics bird droppings when young. 

(iv) The front legs are like the other pairs; their tibiae possess 

pads, the claws are small, toothed at the base, and there is 
a hook at the end of the club of the antennae, The 
chrysalis is rolled up in a leaf or other covering. The 
family Hesperiidss or skippers are included here. 
The caterpillars of the hesperid Gangara thyrsis (fig. 249) 
are very destructive to young cocoanut trees in North 

Malabar. 

Heterocera (Moths). 

The series Heterocera or Moths is a most important one in forestry. 
Next perhaps to the great order Coleoptera the moths contain some 
of the most dangerous pests the forester has to deal with. Both as 
defoliators, wood-borers, shoot miners, and seed destroyers, these 
insects are to be found at work in the forest, and the destruction caused 
is sometimes on a very large scale. The trees in whole forests, dis¬ 
tricts, or even provinces, are at times completely defoliated owing to 
sudden and large increases in the numbers of caterpillars, whilst 
entire seed crops of valuable species may be ruined by members of 
the series. The following families are considered, It is probable 
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that othersjat present considered unimportant, will, as our knowledge 
increases, need inclusion. 


Family l.Saturniid&> 


Large insects which var)ba great deal; the moths have no frenulum 
and no proboscis; the hind wings have a large shoulder so that the 
anterior margin extends a long way up beneath the front wing as in 
butterflies* The wings often have transparent spaces resembling 
windows in them- The antenna; in the males are strongly bbpectmate 
and are often very highly developed. The larvae construct cocoons, the 
products of several species being used as silk. These cocoons vary 
greatly from a loose open net-work to a continuous, entirely closed 
chamber. The family contains some of the largest members of the 
insect world* The larva feed on the foliage of forest trees. 


A well-known representative of this family is the moih, Attacus Atlas, an 
enormous insect with a large transparent window in each wing. The caterpillar 
pale olwe green and lavender (fig, 350 A], and has a peculiar conspicuous red 

ma j fl 0n L eaCh - flankj|Close l0the C,aspert 11 is covered with prominent tubercles 
and fleshy ipjnea. 


Family I \.—Bmbycidm (True Silk-worm Moths), 

Largish moths with stout woolly bodies, with no proboscis and no 
frenulum to the wings. Antenna; are short and are feathered in the 
males. The lary* are hairy and are gregarious. The pupa is 

formed w!thm a s,l k cocoon, the silk of which has often a commercial 

i ? P ° r ' anl specie# in the farai, y* The domesticated mulberry 

Inky 1TZTlT — -!• silk-worms are 

whose silk i s vL ioodatd *" 4 ot wild siik ’ TO r™ in India 

larger quantities c.„ , . ^ e *'rem;ly valuable were it forthcoming in 

are cultivated in the p| a i n ! 0l muIberr y silk ’ worm * Bombyx mari. 

’ri ,y “ d 0,her The 

several generation, in the year la, 1 !^ Assar ?, ° n castor oil !<*«•- It has 
duced is the well-known f 4 a 80 !i6s mQri * n India}, and the silk pro* 

silk-worm, are the on Tnwga^ ^ ^ ^ f ° reK th “ mo8t lm P 0T «ni 
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1 lie larva of Ihe Tusser {Anthers mylittaj i> a brilliant green adorned 

with numerous tubercles. The moth is a large yellow 
iitth, or bun coloured insect, which can fee recognised bv 

i:s shape, size, and the curious transparent glass 
uindowdibe patches in its wings* The cocoon is targe, hard and is atached to 
the food plant by a silken stnltc of great strength* Fig 251 shows larva, rupa, 
and moth of A. mylifta. I his insect is reared in the forests of the Certral 
Provinces, Chota Nagpur, and elsewhere throughout the central and southern 
parts of India* The caterpillars feed upjn the leaves of Tcrminalia £atj;entosa t 
sdl, Zizyphm Jttjuba, etc* The insect hibernates through the winter in the 
cocoon. The m^ths of the first generation emerge at the beginning of the rains 
(June) and lay eggs from winch cocoons are obtained about the middle of the 
wet season* Moths issuing from these lay eggs immediately* These eges hatch 
out at once, and the caterpillars pupate about the beginning of the coM weather* 
(October-November;* Fresh cocoons for breedmg are generally collected each 
March In the forest when the foliage is thin, and they can be easily discerned* 
These are tied on to the irees, the latter being pdlarded* 

1 lie Afuga I Anther&a is reared in Assam in much the same way as 

theTu sser in Chnta Nagpur as above described, The cocoon has no stalk, and 
the silk has a beautiful golden sheen* The insect is reared upon Mackilus 
odoratissimo, Te£r anther a monopitala, etc. 

Forest revenue is obtained in various parts of India from these insects, and 
it is not at all improbable that, if the experiment were carefully conducted, their 
introduction might be possible into poor areas of fore;t growth in parts of the 
country where they are not at present found* 

This family includes a pest of the Fiats elastica, a moth named Gunda 
sikkima whose caterpillar feeds upon the leaves of the India-rubber tree* The 
caterpillar is greenish-yellow in colour, and when full fed spins a white silk cocoon 
to the underside of the leaf* The moth is a medium sized one of the silkworm 
tvpe, the female being larger than the male* Fig* 251 shows the moth* In 
October 1905 the larva of this insret completely defoliated several compartments 
of the Charduar Rubber Plantation in Darrang, Assam, The caterpillar also 
feeds upon the pipal tree* 

Family 111 *—Euptero tid&. 

Small hairy moths lesembling the Lastocampidse {vide in/ra) f but 
the wings possess a frenulum, the larvx are hairy, and these hairs often 
produce great irritation to the skin. The caterpillars are sometimes 
social in their habits and live together in dense webs on trees and 
plants or march about in processions^ when they are called 
processionary caterpillars, 1 * Those living in dense webs on the 
other hand are called n tent caterpillars*^ 




aOOB. Antkema mjrfifta- The Tum« Silkworm. «, l.m • fc «*« 
e, pupa taken out o( the cocoon j d, male and female moths. 
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Processi&n.iry caterpillars are not uncommon in India. Two instances ol 
the annoyance they cause may be mentioned. In 1891 a plague of Ha*rV cater* 
pillars app^a'ed in Shvvcbo, Burma* and covered the country, eating all herbage 
and twarmipg on roads and in buildings in enormous numbers ; their hairs 
produced irritation and ev^n sores on the skin. Moths obtained from these cater 
pillars were ident fled as Enpterott minor* Fig. 352 shows the larva and moth. 

This family is therefore dangerous to man in a two fold manner. Firstly owing 
to the actual defoliation damage they are capable of dom^j and* secondly, owing 
to the fact that when they swarm they become a veritable plague lo man, bad 
sores resulting from the irritating properties of the hairs. Their dead bodies also 
choke up drains, etc.* giving rise lo noxious effluvias which are liable to produce 
pestilence, and in this way they resemble that scourge, the North-West locust. 

Of Lent caterpillars a species lives in dense web tents on the Scmitar pus 
anatardtum m the North Coimbatore forests t The larva: apparently issue from 
the tent at night and completely defoliate the tree. 


Family IV.— Sphingtd# (Hawk 


* D x - Jwino^. 

Moths of large or moderate size with frequently a very long 
proboscis and provided with a frenulum on the long, narrow win<*s. 
Bodies stout and often torpedo shaped. Antennae are short and 
stiff, ending in a hook at (he tip. The larva is large and fleshy and 
generally remarkably coloured and is provided with a horn on 
the dorsal surface of the eleventh segment and has sixteen legs, The 
caterpillars do not Spin cocoons, but bury (hentsclves in the e^rth 

In the pupa the proboscis sometimes projects on the breast like the 

handle of a pitcher. u,c 

The caterpillars of these moths feed upon vegetation, generally 
living upon the leaves of trees or shrubs. They are usually by no 
means plentiful. } y 0 

A apuchi, named MMf., defoliate the leak i„ ,hc Mel.ta 

Lfc-ki.ioiy o! /■„„*, f. hi , x 1 or i cst m 8crar - It is bright-green in colour chaneimr to 
**-*■ dark yellow^rcen on maturing. In July I9 o, i, *„£ ‘j 

amount of defoliation had been occasioned hv it 'I k* „ T d * a ' r y Wge 
in the Central Nursery at Poona and it ^ ' me larva was also found 

Bombay and Caa.ra] |* ,.»kL«f, '” r ! y P T !“ b ' 6™™' <kn»«l»uth. 
August, and .h. pupa, ,,a e , i, pr„bab!y a S * 

bar na, ya, baa, .a.kad bu. .ha u„. U an 
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larva: are not usually to be iound feeding gregariously together. Fig. 253 shows 
the larva, pupa, and moth of this insect. 

Family V.—Notodontidz (Prominents, Puss Moths)* 

Obscure coloured moths with at times elongate bodies terminat¬ 
ing in long large tufts of coloured hair (scales). The larva: are 
often very remarkable objects. 

The Lobster caterpillar of India (fig. 254a) is, perhaps, one of the most remark- 
able- It has exceptionally long thoracic legs, the abdomen is swollen at the tip, and 
instead of the terminal cl'aspers it has two long slender processes. These peculiari¬ 
ties are greatly enhanced by the curious attitude taken up by the larva, the 
first five segments being held erect with the second and third pairs of thoracic legs 
outstretched; the swollen terminal segment is also held erect. This peculiar 
method of holding itself is probably maintained to protect the larva from preda¬ 
ceous and paras tic foes. It has proved itself a serious pest to the tea plant, 
more especially in Ceylon, where it swarmed in numbers in 1902-3. It has also 
been reported as defoliating the cocoa plant and net improbably feeds upon the 
foliage of forest trees. Fig, 254 shows the larva, cocoon on a leaf and moth. 

Family VI .—Sessiide or /Eger tides (Clear-wings). 

A comparatively small family of moths whose wings are without 
scales : the tip of the body is tufted, and the insects resemble wasps 
to a great extent. The larva is nearly naked and colourless and 
thus resembles a longicorn grub. It can be distl,'g'-hed bowever 
by the fact of its having 16 legs. The larvae feed m wood and do 
damage to trees in this way. They invariably feed concealed m 
, branches, etc. The papa is furnished with a row of spme, on 

lV iw»,*•»ijr*?*"*: 

The Baluchistan p P thh family . The eggs are probably laid in the 

LHchi'tory ./ bark of the tree attacked during October and .Novcmbcr- 

tmnaiiaftr* 1 - ( j,e ca i er piUars hatching oui either iwmediately, or 

. V, •„ nn^nintr serine. As soon as hatched they bore through the 
r: P '*Aprii-h«n about U groan, .hey may be found belurean th' ba.k and 
b u rk 'nnd From thi, lima omvarJ they commencebnr.ng straight mto the hear.. 
’ h '°. remain ...nnolline in .hi, un.il September. Thelar.a elmnge, m.oapupa 

* For a further account vide injurious / mttU, PP* 95 ^ * 
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the larva, pupa, moth, and a piece of stem o£ poplar tunnelled by this pest. In i8go 
'4 poplar trees (? Pofulus eupkratha) suffered severely in Baluchistan from 
this insect. The trees were grown from cuttings, and when about two years 
old thev were attached by the larvae. The eggs must have been laid on the 
bark near the ground, and the caterpillars on hatching out bored through the 
trunk and riddled the wood in all directions, the stems being generallv killed off 
before they reached the age of five years, The roots were not attacked, and 
therefrom fresh shoots came up in the majority of cases, the loss experienced 
being the putting back of the plantation by several years. 

Family VII,— Psychidos (Bagworms), 


Small or moderate sized moths with imperfect scales and dusky 
in colour {the sexes are very different, the female being wingless 
and sometimes quite maggot-like ; the male often has bi-pectinate 
antennae, the branches of which are sometimes very long and flexible. 
The larva soon after hatching forms for itself a case of pieces of 
sticks, leaves, etc., in which it lives, carrying it about On its back 
like a snail in its shell. This case is always present, and the wingless 
female moth never leaves it. Fig, 256a shows the larval case of 
Clania variegata ; it is made up of pieces of s 5 I leaves externally 
lined with silk internally. The larvae do damage as defoliators. 

A species of this family, Clania varitgata, defoliates the sdl tree in the Duars 

i" Bengal and also In Assam. The female lays her 
eggs about the beginning of March, within the pupal 
shell inside (he case. After laying these eggs her abdomen beromes much reduced 
in size, and she drops out of the case and dies. The eggs are smooth yellow ovals 
from which larvas hatch out at the beginning of April. This is the first brood of 
the year, and several others follow It through the hot weather and rains. Three to 
lour days after hatching out the young larvx begin to construct their cases with pieces 
ol moss and bark of sil trees, etc., and they feed upon the young new sdl leaves 
The mouth of the case Is made flexible so that the larva can draw in its head for 
protective purposes. As it grows older the larva feeds upon the older leaves of 
Ihetree When about to change to the pupal state the case is fastened to a twit? 
or to the bark and the mouth of the case Is then dosed. The larva then proceeds 
to cover the inside of the case with a fine loose silk, and turning round hanvs 
head downwards .nside and changes t Q a p U p a . | n etncrg!n? the mak cuts ^ 

way out of the cocoon by means of its sharp edged beak, a portion of the empty 

pupal skmbemg often seen projecting from the case. It has h.ghly pec.inated 

antennae, and 19 about two-and a-half inches across the wings. The female 
ha. some means of attracting the male to her, and pairing lakes place by the 
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male projecting the end of his abdomen down into the case, which latter the female, 
bern n 1 * m n loncd above, practically wingless, never leaves* 

1 HU in-ect v\ ( is abundant and committed a certain amount of defoliation to the 
bal in the Cuma Reserve in Goalpara (Assam) in May 1906* Fig. a, b, c, 
shows larva m case, empty pupal case projecting from the case, and male moth ; 
d, thtwmglcss female moth. 


The larva; of another member of the family, Clania cramert\ feed upon the 
uft hi it <fr } rf a vAg &*'y\rri t needles of the Finns long i folia in the North-West 

Himalayas. The caterpillars hatch out in Julv and 
at once commence to feed upon the needles of the pine, from which, together 
with pieces of the twgs, they construct their cases. They remain fted'ng 
upon the trees until November, The winter is passed either In the larval or 
semi'pufja] stale. Perfect pupsc are tu be founc within the cases in April of the 
year succeeding that in which the defoliation took place* The moth appears in 
June f l his insect occasionally does a great deal of damage (markedly so in 
i?9$} lo the P * hngifolia by entirely stripping the trees of their needles ; such 
attacks, in the weakened condition of the tree, are usually followed by the appear* 
ancc of the Polygraphut longtfolia and Cryphalus\ bark-borers which complete 
the destruction of the tree (vide p. no, ante). 

I he caterpillars of this moth also feed upon and defoliate the Casuarina plan¬ 
tations in Gan jam and elsewhere on the east coast of Madras. The insect here passes 
through at least two generations in the year, caterpillars appearing upon the tree 
in April or May and again in August-September, The lame of the first genera¬ 
tion pupate in July, the pupal stage lasting a fortnight. The £ moths on issuing 
pair with the $ in the case. ] he $ lays between 550 and 600 oges in the 
rase* These eggs hatch within a week of being laid. The young Jarvse commence 
to make the first case within 20 hours of hatching, using the epidermis of the bark. 
It is only lat*r on that the nttdles are used in completing the case. These 
caterpillars pupate towards the erd of Oct( ber and in November, the winter being 
passed in this str.ge.J Fig, ^57 show the larva s empty pupal skin and male moth. 

As the larva: of this family usually form their cases of dried twigs, moss, grass* 
straw, leaves, etc,, they are generally often very difficult to see when amidst their 
natural surrtmnokgs, and it is probably' due to this that at present so few species 
have been reported as doing damage in the forest* Many species are known to 
feed entirely upon the leaves i>f woody growths (trees or shrubs), and the cases 
constructed are rem.rkable for their ingenuity and variety. 


* Vide Departmental Notes on Insects that affect Forestry, Vol. I, pp. 5^“57 j 
P late il, Fig, 2 a b, e, 

f Vide Departmental Notes on Injects that affect Forestry, Vol. I, pp* 

267-273, 

J VtU* the Casnarina insect pest of Madras— */ndi Art Forester f XXIX, Appendix 
Senes, 
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Family VIII,-— Cossid# (Carpenter-worms), 

The Cossids are maths of large size having no proboscis. They 
hare frequently a deme covering of matted, imperfect scales on their 
wings, the pattern being vague. The larvae are often large, are nearly 
bare of hairs, and have oflen very bright markings. T hey bore into 
trees, often making large ramifying burrows, and boring holes to the 
exterior Irom which the sap e>udes and runs down the bark outside, 
serving as an indication of iheir presence. These larvse often attain 
a length of several inches and may hve for several years in this condi¬ 
tion, mining up and down in the wood of the tree. The pupa is 
formed within a slight cocoon of silk mixed with gnawed wood. It 
is furnished with spines along the dorsal surface of the abdomen, by 
means of which it can move to a certain extent up the tunnel. 

This family requires serious study in Indian forests, One or two pests are 
already known, and it will not improbably be found that others are a serious 

menace to young saplings, attacking and riddling them before they have trrown 
to a size sufficient to escape damage, & 

1 he genus Duomtius contains some of the largest insects of this family many 

Ufe.hl.ter, of the ‘ b*M,'* T\ The T "° St 

berer of teak, pest at present known tn the family is the insect which 

has been known for a number of years as the ‘bee-hole’ 
borer of teak in Burma. Quite recently it has teen discovered that the cause of 
the ‘bee-holes' in the timber is the caterpillar of Duomtus ceramcus. The cues 
are laid upon the bark of the trees, both saplings and trees of considerable size 
being infested. The larva on hatching feeds in the cambium tissue and sap wood 
eatinjf out an irregular shaped patch. When full grown it is sa.iny white i„ colour 
with transverse dorsal pink sirlpes; it bores into the heart-wood eating out a 

1Z a *kT ,W i hei l" len ^' This tunnel is always carried slight 
upwards, rhe larva closes it by spinning over the mouth and at the upper enu oi 

the pupal chamber a strong web of coarse strands. On becoming mature the 
pupa cuts through the strands, wriggles down the tunnel, and projects from he 
tree (fig 25wc) enabling the moth, which is brownish in colour to escape The 
tre.-not .ecesiari,)’ killed b, d* bo,,h„ i th . ttTbeJ^ 

covered over ...h U.rr ajer.ol rvood.and <ho, >he riorber of o„ a.pareoil.Zd 
tree m.y prove to be loll of "bee-hole.." Pig ,58 a shom lhe h J’.\ ‘ S . “ nd 

ThthS B rV '* y "' '• ,b «- tol ' I* > ”b'r with larva in n,u. ’ 
Du0m ' l »* leuconotus bare into and feed in the wood of Cassia 

rf ta . t lhee «« SBTe ,aid bark of the tree by 

lema,e a*'*! the grubs on hatching out bore 
^ , through the bark Sruo the sap wood. When tK*,v 
mandibles are sufficiently developed they tunnel right into the heart-wood ofihe 
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free, more than a year being spent in the larval stage. Thev are bripht «««« 
^ - colour. The pupal stage is probably on,/ a 

Before pup King the larva takes its tunnel to the outside of the tree and then 
acking down it, spins across it a stout covering of coarse hairs and silk j when the 
ino h ,s ready to emerge the pupa wriggles up the tunnel and projects for nearly 

on! th , 6 " ,OUth ' THe tOP then sp,!ts doivn > ard the moth crawls 

out 1 he moth ,s a large, stout striking insect with a white thorax and greyish 

lale n o*«t- gS ‘f *■ 259 ^ the ! arVa ,h3l ^rownh pupa, moth , empty pupal 
case projecting from a tunnel and portion of an attacked stem. 

ST rep0fted * S att,,cW "* ! «PPedee*lc trees in Trav- 
ancore The tree is found on considerable areas both in the low country and o n 

he h,ll, up to 3,000 feet elevation. The teak over this area is large, y dj for 

fodder, and in the rotten wood which forms by decay at these wounds, the moth 

lays her eggs about April, The larva is smooth, without hairs, and red in colour * 

.r probably spends over a year boring inside the word. The tunnel formed is a 

ending one. The pupa is apparently not enclosed in a cocoon. It is spiny, the 

spines be-ng made use of to enable it to work up the tunnel to the opening to the 

outside thus enabling the moth to creep out of the hole originally bored to the 

outside by the larva for this purpose.* When trees are badly attacked they are said 

to die down, only the base of the stem remaining, which throws out suckers 

The well-known coflee-borer of Southern India, Z.arrr* co f ett , belongs to 

tilts family, the larva feeding m the coflee branches and stems, and, ft 15 said in 

the roots, and killing them off. It is also said to attack the stems and roots of the 

sandalwood, young saplings of this tree being either killed outright or so weakened 

that they are thrown down by the first storm.t Ftg. s 6 o shows the larva fn a 

stem, pupa, empty pupal case projecting from wood and moth of this pest. 

The writer has had an opportunity of examining both coffee and sandal wood 
in the Madras Presidency, both young saplings and older trees, and his investiga¬ 
tions, although they have not been carried far enough at present, lead him to 
suspect that the real pest of these trees and the one which causes the most serious 
injury is a longicorn grub (Cerambycitfa) which attacks the frees in their sapling 
stage, and, usually starling in a branch, works its way down to the heart of the 
stem, perhaps hibernating in live cold weather in the roots. Whilst the coffee 
toring caterpillar undoubtedly does damage to both coffee and sandal-wood, 
investigations will not unlikely show that this damage is by no means so severe 
as that done by its beetle grub companion. Since on the one hand coffee bushes 
are killed off, or are so riddled by the grubs, as to be useless, whilst on the other 
the tunnels in the heart of the sandal sapling although not killing the plant 
reduce the value of the wood for sate purposes when the tree is finally cut over, 
it becomes obvious that it is imperative that the habits of these borers should be 
thoroughly understood. 


* Vide Injurious Insects of Indian Forests, p* 102, Fig. 6 j. 
t Vrd* Injurious Insects of Indian Forests, p« 104, Fig, 68. 
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FAMILY W,—Arbelidx* 

Allied to the Cossidx. Probojcis and frenulum absent. Antenna 
bi-pectinated to tips, the branches being short. Wing nervures less 
complex. The family is thought to have very similar habits to those 
of the Cossids, the larvae being wood-borers. One at least, how¬ 
ever, Arbela tetraonis , feeds upon bark, only boring into the wood 

of the tree to pupate, 

The caterpillar of this insect feeds upon the bark of the Casuanru tree. It is 

abundant in plantations growing on the east coast 
Llfc’hlttory of drbtiauttatnii* Madras, both young and old trees being attacked. 

The larva lives in a ( covered way * made on the bark consisting of silk and drop* 
pings (see fig. 261k It is a flesh*coloured caterpillar with a black head and 
pinkish swollen thoracic segments which bear three pairs of stout legs; the 
segments have scattered hairs. Pupa yellowish brown, furnished with circular rows 
of spines ; moth greyish with dull brown spots, forming bands in places, The moth 
appears in June and July and lays eggs on the bark. These hatch soon after 
being laid, and the larva: feed solitary upen the young outer bark. The covered 
ways are commenced almost at once. When full fed the larva bores into the wood 
and pupates. When the moth is ready to issue the pupa wriggles to the mouth of 
the hole. The attacks esn be easily recognised owing to the presence of the 
conspicuous covered \\ ays upon the bark. Fig* 261, a—'** shows the various stages 
in the metamorphosis of this insect and the covered ways on the outside of a stem. 
Serious attacks of this insect were experienced in plantations in Ganjam in 1503*04. 
The insect swarmed in such numbers that it became necessary to modify the provi¬ 
sions of the working*plan and to cut out a large number of trees. 

Family X.—Hcptalidz {Ghost and Swift Moths), 

Moths of varying size, some being gigantic* The wings do not 
fit well together at their bases; no proboscis is present, and no fren¬ 
ulum ; the scales on the wings are imperfect* The larv;e are nearly 
bare of hairs, and they live either in the earth, feeding upon the roots 
of plants, or they burrow in the wood of trees and shrubs. The 
chrysalis is generally elongate and cylindrical in form and very agile, 
having a considerable number of spines on its dorsal aspect; by the 
aid of these the pupa U able, by wriggling, to move a considerable 
distance in the tunnel in the wood. 

The eggs in this family as well as in the families AZgeriid# and 
Cotsid& above alluded to are usually laid upon the bark. The 
caterpillar tunnels into the wood. The tunnels so made are kept 
open by the larva, and it occasionally comes out and feeds upon the 
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bark. It often builds for itself a covered gallery of silk and excre¬ 
ment, this gallery being very conspicuous on tree trunks. When a 
larva feeds in this wav the tree attacked will be often found to have a 
juicy, soft succulent bark. 

The larvae of the genus Phassus bore in the trunks of trees. 
Fig. 262 shows the moth Phassus sigrtifer of Burma. 

Very little is at present known about the operations of these moths in Indian 
forests, but grubs thought to be HepiaEid have been reported as boring into teak 
wood at the Nilombur plantations and into young teak sa'lings in plantations in 
the Prome division. These reports require careJul observation and confirmation. 

FAMILY Xi.— LasiflcnmpiJ^ (Eggers, Lappet Molhs). 

These moths are usually large, are densely covered with scales, and 
have no frenulum. The costal area of the hind wing is largely devel¬ 
oped. The antennae in the male arc highly pectinate. These charac¬ 
ters render it easy to distinguish a Lasiocampid moth. There is at 
times a great difference in size between the <J and $ , the latter having 
three times as great an expanse of wing as the <J. The eggs are 
smooth and sometimes spotted in an irregular manner like bird's 
eggs. They are often covered with hair by the female. The larvai are 
clothed with a soft woolly hair as well as with short stiffer hairs. 
These hairs are not arranged in definite tufts and pencils, nor are they 
as highly coloured as in the case of the larvie of the next family to be 
considered, the Lymantriida?, and thus they can be distinguished from 
these latter. The hair has sometimes very irritating properties. The 
caterpillai spins a cocoon in which the hairs of the body are often 
mi xed» In some species the wails of the cocoon have a firm appear¬ 
ance, looking very like egg-shells^ a id this lias probably given rise to 
the name of 4 eggers/ The caterpillars feed on leaves and probably do 
some damage in this way. 

An example of one of these Lasiocampid defoliators is an insect* hy name 
Suaufi toncolor, whose larvae feed upon the leaves of the si\ tree in the Siwailk 
forests in the United Provinces. 

The caterpillars of this insect are Urge, over 3 inches in length when full 
grown in October, and grey in colour, with irregularly arranged tufts of soft hair. 

They pupate in November* spinning a strong hairy silken 
cocoon on to the bark or a branch of the tree, The winter 
is spent in the pupal stage* the moth appearing about the 
The rest of the life-history has yet to be worked outj but the 
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Female probably lays its eggs or. or near the sil twigs, and the young ^P'liars 
hatching out feed upon the new flush of leaves which appears in April. The moth 
is grey in colour and answers the above description of a Lasiocampid moth. 

Fig, 242 shows the larva, cocoon, pupa, and moth of this insect, A hmall Lasio- 
campid moth whose caterpillar defoliates (see below) sdl trees in Assam is Trabnla 
Vishnu shown in fig* 263, 

FAMILY XII ,—Lyman frtidit or L\parii<2 h 

Mostly small or moderately sized moths, without brilliant colouring ; 
whites, greys, browns, and blacks being the predominant tints in the 
family ; the male has the antenna highly pectinated. The larva is very 
hairy and usually bears tufts or brushes of shorter hairs, together with 
others much longer and softer j these being sometimes amalgamated 
to form pencils, the tufts and pencils having a definite arrangement on 
the insect. The colouration of the larvae is often very conspicuous, 
the tufts and pencils of hair being of vivid and contrasted colours. 
This arrangement and colouration of the hairs distinguishes these 
larvae from Lasiocampid caterpillars. Anyone going into a tropical or 
semidropical forest at the commencement of the monsoon will easily 
note the great variety and brilliant colouration of the caterpillars of 
this family. 

The Iarv^ form a cocoon in which much hair is mixed up* The 
pupsc are very remarkable, as they are sometimes also hairy, which 
is very unusual in the Leptdoptera. 

This is an important family of moths, as it contains species which occasionally 
increase in enormous numbers and commit great ravages* One of the first allu¬ 
sions to such an event having taken place in an Indian forest is contained in a 
description, by Mr. W. E + Fisher, t late Conservator of Foicsts, of a severe attack 
by caterpillars of this family in the sAl forests of Assam. This occurred in 1878, 

the trees being completely stripped of all their leaves, 
LHe-hltiorf tt The eggs are laid by the female moths on the young leaves 

hurtfjidi tod ijmMir.tf ipp. the t rec# The caterpillars on hatching out at once com¬ 
mence to defoliate the trees, and in the attack in question 
an area of over 200 square miles of sil forests was com¬ 
pletely stripped of all leaves, the trees being rendered perfectly bare and the 
ground being strewn with their d£bris and with the caterpillars 1 droppings* 
In 1^97 Mr, Campbell t reported an attack to have spread over 800 square 
miles in Assam, all the trees associated with the sih such as Bomba* malabaricum * 

* Vidt Departmental Notes Vol, L p, 58, 
t Vidt I ndian forester, VoL VJ t p. 343 (1881). 
t Ibid, VoI t XXIV, p. 9 (1898). 

K 2 


132 


A MANUAL OF ELEMENTARY FOREST ZOOLOGY. 


Careya atborea, and Dillenia pcntagyna, etc., being also defoliated ; at the same lime 
he noted that pure sill forest had suffered more than mixed. In this attack the larva 
first appeared in August, a second generation appearing in November, a third about 
the end of January, and a fourth towards the'end of March. The chief insect r(t 
sponsible was a species of Dasychira, probably D. hors field i (fig. 265). This insect 
was accompanied by l.cucomn d'mphana in August, by Trabala Vishnu (fig. 26?) 
(Lasiocampid) in May, and by Lymanirta grandis in all the attacks* In i8gij 
all the sdl trees in the Duars in Bengal were defoliated in a simitar manner, four 
different species of Lymantna moths, sent to the writer by Sir H. A. Farrington, 
the Officer in charge of the forests, being concerned in the attack.t it is not certain 
how many species or the caterpillars of which moth were responsible for the Assam 
defoliation, as confusion appears to have arisen in the identifications of the insects 
sent. Fig. 264 shows the moth Lymantria mathum, L. lepcha and Hvittata 
also defoliate the Sdl in Goal para and the Bengal Duars. 

The larvte of the moth Gtiffahut 1 cpsura have been reported as defoliating 
Quertus lamtllosa in the North East Himalayas (Darjiling forests). 

From what has been written it will thus he seen that species of this family when 
they swarm in large numbers are a source of serious danger to the forest. 

Family WW.—Geomehidm (Geometers). 

An extensive family of fragile moths having a large wing 
area, the antennae being frequently highly developed in the males. 
The larva? are elongate and slender having, in addition to the three 
pairs of thoracic legs, only one pair of abdominal pro-legs placed on the 
ninth segment and an anal pair. They progress by moving these two 
pairs of feet up to the thora< ic legs, so that the body is thrown into 
a large hoop, and then moving forward the thoracic legs ; owing to 
this habit of progression they arc called loopers or Geometers. 
The number of these larval legs and the resultant mode of walking 
is one of the most constant characters of the gro"p The larva: 
assume various attitudes in repose, eiiher dinging on to the stem 
with their pro-legs, holding the rest of their body straight out at an 
angle from the twig, being attached to it anteriorly, however, by a 
strand of silk projecting from the mouth ; or they prop themselves 
up between two twigs more or less at eight angles to each other, 
They often vary in colour, the same species being either green or 
brown, and this colouraiion and the markings upon them often gives 
them a great resemblance to their food plant; they appear, however. 


• Vid* Departmental Notes Insects which affect Forestry, Vol. i, p 63, 

f I hid, pp< 66*7 7. 
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to make little or no use of this character for protective Proses, as 
they might be expected to do, 

1 he larviE are defoliators, but little is known about their opera- 

lions in Indian forests at present* 

The following is a portion of the life-history ot a 
LiU-Mitarjr of ♦ i mcfll ber of the family bv name Baarmia stkna* 

•denari** V 

rid '— 

The full-grown c^terpUIarb a looptr of the ordinary type, bright green or 
brown in colour and about 2 inches in length* I moth is greyish, 

In (he ?£! forests ui the Siwaliks (cn the Cun side of the range) a plague of 
these caterpillars appeared about the middle of April 1901, and in parts entirely 
stripped the trees if all the new year's-shoots, leaves,’ and flowers. Young 
saplings suffered very severely, and it was noted that towards the end of Septem¬ 
ber they had no green shoots upon them, many bearing numerous dead 
branches. The growth of the year in the portions of the loresl most heavily 
attacked was nil * Sil of all ages were attacked The pupal stage was a short 
one, and moths were bred out in May* The insect has since been reported from 
Garhwal where two generations of caterpillars were noted in 1906* Fig. a06 shows 
the caterpillar, pupa, and moth. 

Another pest of this family is Bistan sup( yasatia t ^ greyish moth with black 
markings. The caterpillar is green and has been reported as seriously defoliating 
the brushwood forests of the Lower Murree Hills (3,000*4,000 feet). It was 
noticed in July when nearly full grown* It pupated in August, and three weeks 
after the moths appeared (in September)* Fig, 267 shows the larva, pupa, and 
moth of this pest. The species it more or less completely defoliates are Dodontc 
viscose Carissa diffusa* Bauhinia vartegnia, Acacia catechu > At aria m&dtsta* 
Roihra tinctoria t and Gusia auriculata* 

Family XW.-»Nociuid&> 

A very large family of moths, generally of sombre colours, the 
m£ects being with some exceptions very rarely seen in the day time* 
Both proboscis and frenulum are present and the antennae are not 
highly pectinated in the male. About 8,000 species are known, and 
owin^ to their great general resemblance their classification is difficult* 
The larv^ are, as a rule, destitute of large tufts of hair and are not 
brilliantly coloured j they are fond of concealing themselves during 
the day and coming out to feed at night* and thus when defoliating 
trees they are \Qty apt to be overlooked, as when searched for 
during the daytime they are not to be found upon the leaves and twigs* 
Many of ihe caterpillars of the family pass most of their time at or 
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beneath the surface of the ground hurling nourishment in roots or the 
lower part of the stems of plants. This is especially the case in the 
genus Jgrof is, perhaps the most widely distributed of all the genera of 
ot i. . n some orms the abdominal clasper legs are reduced to two in 
umber, and we then get larva? resembling the loopers of the last family 
the caterpillars being then known as “ semi-loopers ” (cf. fig. 273). 

bnoctuid Ians: either defoliate trees and planis, or they may have 
a limited wood-tcr.ng capacity. Others feed ,n the seeds of plants or 

' 1V f C C r °° ts ‘ e ’ t ^ ier feeding upon the smaller ones or tunnelling 

m o e larger ones. The larvae living upon leaves are usually hairy 
to.a certain extent and spin a cocoon before changing into the pupal 
. a e , t ose iving in the wood form a rough cocoon of hairs and chips 
of wood wh, 1st.those pupating in the ground usually build an earthen 
o c ange in. n Indian forests we have representatives typical 
of each of these methods of feeding and pupating, 

Hybhxa pucra is the well-known teak leaf defoliator of the teak areas of India 

UfHjiuorj of itybia d anc ^ I he eggs are laid upon the leaves or twigs of 

the tree, and the larva; commence their defoliating opera¬ 
tions some time in April (the period of course varies in 
different parts of India, being later in the drier tracts), and the insect passes 
through several generations—the number being at times as many as seven—in the 
year. The defoliation is easily recognisable as the caterpillar, in feeding upon the 
leaf, leaves intact the main rib and the side veins, eating all the grem leaf tissue 
between these. The larvae pupate either in rolled*up portions of the leaf itself or on 
dead leaves upon the ground. The moth is small and dusky in colour, with reddish 
patches on the hind wings. It is apparently to be found all over India wherever 
the teak exists, and the laryse at times entirely strip the teak of their leaves at least 
twice in the same year/ Fig. 268 shows the larva, pupa,moth, and fig, 270a a 
defoliated teak leaf. The insect is usually accompanied by tue tarvse of the moth 
Pyrausta mac karat is (fig, 2^9) described under Pyralid&~ In Burma and Siam 
it is also accompanied by constellates , 

Aironycta anadtna (fig. 271) defoliates the horse chestnut in the North- 
West Himalayas. The larva is a hairy caterpillar, blueblack in colour, with tufts 
of bright yellow hair. The modi has a greyish appearance and lays her eggs in 
July, The caterpillars feed upon the leaves in August and spina rough hairy cocoon 
at the end of the month. The winter is passed in the pupal stage, the moths 
hatching out at the beginning of the following July, The caterpillars at tin es 


• Vide Departmental Notes on Insects that affect Forestry! VoL I, p, 287, for a 
fuller description ; also Plate XVIII, Fig. 1, Plate XIXj Fig* 1, a t b r e r d* Injurious 
intidsy Fig. 7g 
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271 * Acr&xyc? 1 * ftwrdtnQ, larT* j i> t moth. 

273. £W»im nf Arpi/rutr/p*. 

273, PItri>ptfra rtfitxn o, larva ; moth. 

274, MudariA r&mt/r^ns a T pupa in mud cell j moth- 

275 , ilgtitm yf*i/on. *j ( Jarvi ; k t nioih. 
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completely defoliate the trees. They are badly parasitised by the ichneumon 
Qphinn auwe&t&t»$ (vide p* 6i)* 

Cosmia othnimargo defoliates the oak Quercus semi carp i/Mia in the North AVcst 
Himalayas, the larvae being full fed, about the middle of July and the moth issuing 
In August (Sesfig. 272 ) 

The caterpillars of Ptecopieta refiexa defoliate young Sis^u growth in the 
Changa Manga Plantation, Tliev arc semtdcopGrs. 1 hey appear iri April and 
spend several weeks feeding upon the trees. When full gro^n they descend and 
pupate in the ground towards the end of June, The moths appear in July, hi £ 
273 shows the larva and moth. 

The siik'CGtton pod caterpillar, Mu dart a cormfnns, destroys the pods of the 

silk-cotton tree [Bombax matabaricum)* 1 he eggs are 

Ijfc,Ki*tory L f the iiit- | a y in tbe ft owcr or immature pods of the trees in Fcbru- 
cotton pod moth iUuJa'td _ . t , 

tsrnifwi. ary*March according to when the tree Mowers ; the larva 

on hatching cut tunnels into the pod and remains feeding 

in it until the latter falls lo the ground. When full fed, the caterpillar bores its way 

out and burrows into the ground and constructs the earthen cell typical of the 

hairless Not uid larvae (fig, 2740), The grub then changes into the pupal state 

and passes the rest of the year'—hot weather, rains, and cold weather,^ until the 

succeeding February, in this cell. The moth tfig* 274^) on coming out lays her 


eggs in the flower or immature fruits of next year’s crop,* 

The genus Agrotis includes the typical subterranean noctuid larva? who spend 
the whole of their larval life in the earth feeding upon roots, etc. A widely 

spread Indian species is Ag> Qtis ypsihn ; the caterpillars 
vfjV/!n hlI ^ r/ ^ u 'hich are known as “ cut worms / 1 often committing great 

havoc amongst crops. Up to recently it had not been 
reported as dangerous in the forest, but in 390a Mr, B, O, Covcniry found it 
eating young deodar seedlings in the Cora Gall Nursery near Rawalpindi, and 
the author discovered it committing-the same damage in miseries in the Simla 
Hills the following year. This larva feeds upon the roots and also comes above 
ground at nights and in dull cloudy weather, and cuts off young seedlings close to 
the soil surface, and cither leaves them to die in siiu tr drags some to its hole to 
feed upon, thus acting much in the same way as the cricket Brachytrupts ach&linus 
and the cockchafer grub already described. Fig* 275 shows the larva and moth of 
this pest We at present know very little about the wood-boring Noctuids in India* 

Ihc caterpillars of Eublemma amttbilis parasitise the lac insect feeding upon 
the lac young. 


Family XV*— Pyralidx* 


This division must be considered rather as a group of families 
than as a single one« It includes a very large number of small or 
moderate-sized moths of fragile structure and frequently long legs * 
the antenna are simple, being only in a few cases pectinate* The larvae 
* Ibid t p. 113, Plate VIII, and Departmental qIcj, Vol, J, p,8r! 
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are usually nearly bare, with only short scattered hairs and little coloura¬ 
tion; they have most varied habits, are fond cf concealment, and are 
very lively and abrupt in their movements, wriggling backwards and 
forwards when disturbed. They form a cocoon before changing to 
the pupal state. Both the leaves and the seed of trees are known to 
suffer from the depredations of these caterpillars in India. 

One of the widest known defoliators of the family in India is Pyrausla 
Uft.iii.iory Cf ryau.ia »«« Walts, which in its larval stage strips the teak of its 
rndcAmti/i leaves all over ihe country, working often in company 

with Ilybl&a pnera. This insect has as many as seven generations in the year. 
It spends the winter as a larva in the ground, in the Central Provinces, appear* 
ing as a moth in May and laying the eggs of the first-generation of the year upon 
the leaves of the tree. As these moths do not all appear exactly at the same 
time the egg-laying is spread over several dr»>s, and as the eggs first laid hatch 
out first wc have a series of uninterrupted and overlapping generations provided 
up to November or even December, and one or more of them may produce an 
enormous number of individuals, the caterpillars stripping the entire crop of leaves 
from the trees. In feeding the larva: do not touch any of the veins of the leaf* 
but only eat the parenchyma thus 11 skeletonising rt it. Fig* 269 shows the larva 
and moth, and fig. 270 b a skeletonised leaf. Mr, R* S. Hole gives the following 
as the period approximately spent in passing through a generation 

From appearance of raoth to hatching out of young larvm 
laid by it 

Larval stage » * « * * 4 1 * * " 

Pupal stage * * * * 4 4 * * * ? M 


or 30 days for a complete generation/ 

The caterpillars of the moth H y p*ipyla tobusta are the well-known Tun tree 

twig-borers. The larvse aie reddish when young. 
Lib hUturj *, ttwipyt* fobuit*. begorring bluish when full grown. The pupa is 

enclosed in a dense matted silk cocoon, the cocoons often being collected into a 
felted mass together beneath the bark, where the caterpillar pupates. Ihe *"»« 
passes thiough two generations in the year in the plains of the Fun J®“* * 
larva: first appear in April and feed upon the Rowers and m the young fruits of the 
tree, being full fed in the middle of May. They only rarely attack the shoots a 
this period, though they are to be found in them. The lorv* ee. tng 
flowers and fruits pupate beneath the bark, those in the twigs lt '* 1 ® 

The catetpillais of the second generation appear tn August and live en ir * ^ _ 

twigs of the tree, hollowing them out and thus causing them to dry up an 

Fig. 276,0—if shows larva, pupa, moth, and a mass of cocoons under the bark 

and a cocoon fii situ in a hollowed*oul branchf ______ ———- 

* Fora fuller description see .Departmental Nolw, Vol. I, P- 3 0l < XVIII, 

Fig. 2 ( Plate XIX, Fig. 2 (Larva), 
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577. £Hifyhfra ctdrcUa. a, larva ; t, pnpa : c, «f t moth, natural mt and enlarged y 
i deodar cone showing attack! of laiv«v» 

278. Pkyrito ahteitlta. a t larva ; b, r. moth* 

279. CrypiophUbia etrpifhAfa* a, larva; b, pod with empty pupal caae* projecting* 

c* moth* 
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Two other species of Pyralid, Matalla noncuselis and Ttridia catcioralis 
have been reported as defoliating eil trees in Ganjam, Madras. 

The grass moths, small insects which fold their wings tightly round the 

body and have a head pointed in front, belong here. 

Species of the family have proved exceedingly destructive to deodar and 
Other cones such as those of the spruce, stiver fir, and blue pine. Mr. lUbbentrup, 
atthe time Inspector General of Forests, noticed that nearly the whole of the 
crop of deodar cones on trees round Simla was destroyed in 1898 by a larva 
which proved to be a Pyralid. Recent observations have shown the author that 
ootonly deodar cones, but those of the silver fir, spruce, and blue pine are 
infested by one or other or both of two species of the family named Et.nophcr.i 
cedrella and Phycita abieiella which have apparently much the same life-hislorits. 
The eggs are laid by the moths sometimes in autumn, either on the flower 

buds or near them. The exact period at which the 
larvm hatch out has not been observed, but they are 
'tUttlv*. lo be found burrowing in the cones towards the end of 
May and continue lo do so until abcut the beginning of 
August when they become full fed. The cone by now has become rotten and falls 
to the ground, and the larv.x either pupates within it or quits it and burrows into 
the soil. The moths issue in September ami October. Fig. 277 a shows the 
caterpillar of E, ctdrella, b, the pupa, c, the moth (nat. sire] d, moth (enlarged) and 
e, an attacked deodar cone j Fig. 278 a, the larva of P. abitidla, b, the moth 
(nat. size); and c (enlarged). 

Family XVI.— Tortricidae. 


Moths of small size with a rather large wing area, the wing 
fringes being never as long as the wings are wide, the hind wings 
without any pattern in them. The larvae inhabit their food plant, 
which may be rolled up or twisted leaves, or the interior of fruits and 
herbs, or galls, or even roots. The larvae have all sixteen legs 
present. The name Toriricidx refers to the habit the larvae have of 
rolling up leaves, or twisting and distorting shoots and buds. 

Little is known about this family in India, A species of Tortrix 
defoliates the oak, Qtterevs semicar pifolio % in jaunsar in the North- 
West Himalayas, and a second, known as Cryptophhbia carfophaga 
accompanies T. fructicasiella in tunnelling into Cassia Fistula pods. 
Fig. 279 shows the larva, empty pupal case projecting from a pod and 
moth of C. carpopkaga. 


Family XVII.— Microlepidoptera. 

Small moths with the labial palpi more flexible and mobile than 
in other moths; usually separated and pointed. Hind wings frequently 
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with very long fringes, the wing being reduced in me and pointed at 
the top, The larvae are very different in shape and nearly always 
conceal themselves. They feed upon a variety of substances such as 
clothes, furs, hair, horns, seeds, and probably defoliate to a certain 
extent, I hey also mine into leaves of trees* Little is known at present 
about the family, although it probably contains numerous forest pes f 5* 
The spruce bud binder, Eucosma sp*, is one of these small moths. 


The moth lays its rgg upon the terminal bud of the spruce branches, probably 
some time in the summer. The egg remains here until the following spring, and 
hatches out before the young opening needles of the bud have pushed of! the 
outer cap or covering* I be young larva on issuing at once spins the tips of the 

needles together, thus preventing their opening and 


• Life history of Eucosmo 
sp. The spruce bud-binder. 


parting and forming a shelter in which it lives feeding 
upon the inner and more succulent of the needles, 
Some weeks are spent in this stage, and the grub then changes to a pupa 
within the hollowed-out bud, and alter about ten da>s passed in this stage the 
moth emerges, the external needles of the shelter having by then dried and parted, 
The author has seen trees with as many as 70 per cent, to So per cent, of the 
terminal buds treated in this way. Fig. 280 shows the larva, pupa, moth, and 
a terminal spruce bud. 

1 he larvae of Ypsolopkus sp. defoliates Sissu trees at Changa Manga. The 
caterpillars appear in April, becoming full grown at the end of the month. In 
their feeding operations they co/er the trees with vast quantities of silk. The moth 
appears at the beginning of May* Fig* 281 shows the larva, pupa in a leaf, and 


moth* 

Species of Tima (fig* 282) defoliate the oak Quercus stmicarpiMi* in June 
and July in jaunsar, North-West-Himalayas* 


Useful Lepidoptera . 

Although Lepidoptera are the most exclusively vegetarian of all the orders of 
insects, a certain number of their laivx prey upon insects, which arc themselves 
filled with vegetable juices (such as Coccid# or scale insects, Aphidas or plant 
lice, etc.), and a very small number, e. g** Finea, etc., eat animal matter. 

1 In the winged state Lepidoptera moy be said to be useful as a whole, since 
many feed largely upon honey, which they collect from flowers, and in doing this 
they thus become important agents in the distribution of pollen from flower to 
flower, since it adheres to their scales and hairs whilst they are obtaining the honey 

from the flower. 

The Heteroceraor moths include several insects which may be considered to 
bool considerable use to man. Amongst them are the silkworm moth, ol the 
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family Bombvcidse. The mulberry silk-worm, Bombyr mori f is the cultivated 
variety of the plains of Bengal, whilst in theiorest there are the important Tusser 
( Anthcv&a mylitia) wlk^worm of Ghoia Nagpur and the Central Provinces* the 
Muga worm in parts of Southern India, the AttthtrcsQ of A'ssam, and the 

eri worm [Anther&a ricinu) 

The Noctuida; contain the genus Er&strit i, the larva of a species of which is 
predaceous upon a Lecaniutn scale insect which infests the peach in Southern 
Eur, pe, It maybe found that the forester in India has allies of this nature in 
llie family. 

The genus Eubhmma contains the noxious pest E* amabilis which preys upon 
and destroys the lac insect. 
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Chapter IX. 


Order VII.—Oiprr.RA (Flies). 

The Diptera comprise the two-winged flies, including also the fleas 
which are wingless, and the parasitic wingless insects such as the 
sheep-ticks. The exceptions to the general two-winged rule in this 
order arc very few, although there arc probably some 50,000 species 
known and an enormous number still unknown. 

The scavenger-like habits of some and the annoyance caused br¬ 
others have rendered the insects unpopular and caused their study 
to be much neglected. Flies may perhaps be classed as actually the 
highest insects physiologically, for in them the processes of a com¬ 
plete life cycle are carried on with the greatest rapidity. A maggot 
hatching from the egg is able to grow with such rapidity that its 
full growth is completed in a few days ; it then forms an impenc* 
trable skin and-dissolves itself almost completely; it then solidifies 
to a sort of jelly, and in a few days reconstructs itself as a bein>r 
of totally different appearance and habits. B 

The wings of flies are usually transparent and never very l arffc . 
they have a small piece attached to their lower inner anele called Tt.. 
' alula*; behind the wings there is situated a pair of imall erect 
capitate bodies, called the ‘ halteres ’ which are often concealed under 
membranous hoods and are used for balancing purposes. There is 
no distinct prothoraxpresent, the thorn, being an immovable mass'- 
the headis very mohde aad is connected with the thorax by a slender' 
concealed neck. A large part ol the head is occupied by tlle Tin 

^e P anTl C i'' S ' *" '»*«■ » <>* J than in the “ 

The antenna vary in structure and are .of importance tb~ 1 V 

fication of the order being based „ nnn n, P . ’ ^ c assi ' 

jointed antenna which may be whorled is present, ru • .. 

flies have, however, an antenna peculiar to the order consisting of X 

segments, the outer one of which is of diverse form and h ” 

feath r ed and 

too or more joints. Th.s form of antenna is found in the 
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scries Aschiza and Schizophora and is present in the common house-fly. 
In the order generally the two basal joints of the antenn<e are called 
the ‘scape’; the part beyond this is called the 'flagellum/ an ap¬ 
pendage of the flagellum being termed the ‘arista,' if bristle-like, 
or if thicker, 1 the style 1 The mouth parts are formed for suction and 
consist of a sucking tube of varying form which sometimes ends in a flat 
pad as seen in the common housefly. The legs are long and slender 
and terminate in claws with one or more pads between them which are 
covered with a sticky fluid which enables the insect to walk on glass 
surfaces, etc. The abdomen is conical and usually sessile. The larvae 
are invariably maggots, ie , they are legless. Some, however, still 
possess a hard chitinised head furnished with eyes, antennae, and mouth 
parts. In others the head is not w ell marked, eyes are absent, antennae 
absent, and mouth parts represented by a pair of darkly coloured 
chitinous hooks. Owing to the presence of such weak mouth parts 
the grub feeds upon decaying filth and refuse and other soft matters. 

In those Diptera whose larvae have well-developed heads, the pupae 
arc like those of the Lepidoptera, the appendages lying close to the 
body ; in those with 1 headless' grubs the pupae remain within the 
last hardened larval skin and the pupa is then called 1 coarctate.’ 
In these latter no appendages whatsoever are to be seen on the out¬ 
side, the chrysalis being generally blunt-ovate in form. 


The Diptera are divided, according to the nature of the antennae 
present, into five great series, a few families of each of which will be 
considered below. Although members of the order have not as yet 


been reported as committing much damage in Indian forests, it is not 
unlikely that we shall find as our knowledge increases that the 
gall-making ones are of considerable importance. 


ll may be mentioned here that the teak trees in tUe Mclghat forest in Berararc 
badly attacked by a dipterous gall-making fly, uncertainly identified at present .is 
probably a species of CecMomyia. Under its attack the branches swell up into 
rounded lumps, which sometimes, completely encircle them, and these are at 
times so numerous as to distort die branch with irregularly-shaped s,veilings for 
some inches up, the pails often coalescing (cf. fiz. 283). 11 would appear that 

when the g.dl completely encircles a branch or leading sh. ot of a young Sapling 
the portion above it dies. The author bred 0.1I two of these flies from galls 
at the end of July in the Melghai, but unfortunately they got injured in transit 
to the British Museum and their identification was impossible. Teak in Madras 
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especially young plants, would appear to be affected in a similar way ; but mature 
specimen) oF (he insect have not been yet procured for identification. 
There tan be little doubt that the pest is capable of committing considerable 
havoc. 

The habit of blood sue ting from vertebrates is, among 
insects, of course confined to those with a suctorial mouth, and 
is exhibited by various Diplera. It is, however, indulged in bv 
but a small number of species, and these do not belong to any 
special division of the order. The habit is as a rule confined 
to the female sex, and a large proportion of the species with this 
propensity have aquatic larvae, 


SeRiES I .—Orthorrapha Nemoccra. 

Antennae consist ol more than six segments and are not terminated 
by an arista. F’alpi slender and flexible, four or five-jointed. 


Family I.— Cecidemytidse, 

These form an extensive family of very minute and fragile flies 
the wings of which are provided with only a few nervures; the 
antennae are rather long and are furnished with whorls of hair upon 
them. In some species the antcmiae are beautiful objects when ^cen 
under a magnifying glass. The larvae are of importance as their 
habits are very diverse. They are short maggots narrowed at either 
extremity, with a small head and 13 segments. The majority live 
in plants and form galls, or produce deformations of the leaves, stems, 
flowers, buds, and roots in many ways. Others live under bark, whilst 
certain spec ies are predaceous, feeding upon Aphids r or A cart' or 
even other Cccittomyiidse. 


A member of this family, CcciiomyU sp., terms pseudo-galls on the tranches 
of Pains loHg.foUa, these gallshaving a resemblance lo young developing 

J?" 6 ?' ! ^ Vh ^' S afC I*" 1 t¥ thC fly " the b;,Se o( the bud w* 1 ** at the end ol 
the shoot The young lavra on hatching out feed upon the plant tissues and set un 

a "mil eat? M t hT 5C | fn y<>U L g T*'” SWc11 and ‘hus fvntiing 

Lei;- AUhccnd 0f Oc *^FMh tS e galls are about f inch in length, ovoid, 
the scales being Urge with the margins turned outwards. They are coveted extern: 

' whiteJT' Smal ‘ ° rant!e ^ ubs crawl out'and pupate, forming 

CCC00n T , ,hC 0U,side ofthe « al! or branch to which it is attached^ 
the small, delicate, greyish, long-legged fly issues in February and March. This 
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fly is parasitised by a hymcnopterous one, Trigonomorus sp, Fig. 384 (1) shows 
the maggots, cocoon, fly, and branches with pseudo-cones and cocoons, and 284 (.ay 
the parasite. 

The larva of another Indian species (Ceadomyia aryls') have proved very 
dangerous to rice, feeding in the smlk and hilling off the plant The insect known 
ns the Median fly, Cteidomyia destructor, of Europe and America, is fre¬ 
quently excessively injurious to crops uf cereals, committing at limes the most 
serious depredations. 


Family 11 .'—Culicidx (Mosquitoes, Gnats). 

Slender insects with very long legs, the anterm;e being provided 
with whorls of hair or plumes on them, generally very long and dense 
in the male. The head is furnished with a long projecting proboscis. 
The lari re live in stagnant water. They have a largely developed 
head and thorax, and so can be distinguished from other dipterous 
larv;e. The pupae a'so live in water and move about in it. 

Much has been written on the genera Anopheles and CuUx, and it has beet\ 

proved that species or the former can induce malaria 
Lite-liiitoiyof f eV er in man. The larva: live in water, floating flat 

upon the surface. The perfect insect is the well-known mosquito. The life- 
history is as follows : 

The eggs are deposited on the surface of the water, where they float in raft- 
like masses. They 'natch in a very short time, generally—in warm climates-within 
hours, giving rise to small wriggling worm-like creatures, which feed either 
minute water plants or on decaying organic matter. They breathe air, and 
,.,ust repeatedly come to the surface for that purpose, Their mouths are provided 
ivith a pair of brush-like organs which they keep in rapid motion, producing a 
miniature vortex which draws floating particles within reach of their jaws. 
After a period varying from 7 to 15 days during which time they undergo some 
four or five moults they assume the pupal stage, when their form is again changed. 
Thev now appear something like minute tadpoles or-still more—like animated, 
commas with a globular anterior portion and a thin curved tail. They lake no 
food ill this Stage, but are very active, progressing through the water with a wrig¬ 
gling morion. Their breathing organs are now transferred to the front of their 


24 

on 

m 



as upon a raft, until its wings are firm and dry, when it flies off. Fig. 385 a. b, c, 
shows the larva, pupa and mosquito. ___ 

* Vide Royal Botanic Gardens, Ceylon. Cire. Ser. [, No. 35. “ Mosquitoes and 
Malaria." E. P. Green 
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The differences between Cafe*,and AnophtUs arc well marked and may be 
shown as follows * 


Cu lex. 

Eggs: agglutinated into raft-like 
masse* oti the surface of the water* 
Each egg placed vertically* 

Larva : with long breathing tube at 
end of body* Floats head downwards* 

Adult insect: with palpi much shorter 
than proboscis* Wings usually clear 
and colourless* Rests with body paral¬ 
lel with support* 


Anafih eleSt 

Eggs: separate, floating horizontally 

on surface of water, 


Larva; without prominent breathing 
tube* Floats horizontally. 

Adult insect: with palpi as long as 
proboscis. Wings usually spotted or 
clouded. Tilts the body at an angle to 
the support* 


Thus by observing the position of rest taken up by the perfect Insect on alight¬ 
ing upon c „e s hand one will be able to determine in most instances whether 
the insect is an Anophdes or not. The organism responsible for malarial fever i. 

Hamam, * b ‘ > ' lt « Mi unicellular, and is 
found m the bicod of a patient suffering from malarial fever. If | e f t undisturbed 
the d,sease will be confined to this one man. If the latter is bitten bv a « rta | n 
kmd of mosquito of the genus Anouks, the mosquito lakes in with l 

and $ parasites collect in the glands at the base of the nrnhn^;/ f .. ™ * 

and thus go through their sexual cycle in him and induce an atS of ^ 1 

fever , n h.m. It thus becomes obvious that persons suffering from Ll f 
*hou!d be carefully protected from the Anobhtlts mosquito bf m*T CWr 

curtains,«... or the, Ihstustte, bsrome , centre ^ 

F*»ily III— Tip«tidm (Daddy-long-legs, or Crane flies). 

These arc slenderly built insects with very long legs • the ■ 
have a system of nersures which is rather complex l T **. W,n 8* 

IS a V-shaped suture on the thorax in (root oHhe ,vinos' P$: ‘ here 

tor is present, The family exhibits a gnatvarielv o (T ■ ° V ' P ° si ' 

the well-known stupid long-legged insect? L- ^ 0rmS| inc luding 
The suWamil, Limo.hii„| cS s “tiLTh 35 P^-'^-lvgs 
the bark of trees probably feedin? uDn^th arV * IlVe Under 

by the longicorn larvae of Apriona GermarT^ th "ct* <unnels bore d 
tion, near Lahore, some whitish sen,' t In the Shahdera plants- 
were found crawling about in sao 1 Li,nnobiid 'are* 
insect has not yet been obtained P * Umber. The perfect 
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Family IV.— Stmuludea (Sand Flies). 

Small fat flies with humped hack, rather short legs and broad 
wings, with short, straight antenna destitute of setae ; proboscis 
nut projecting. 

There is only one genus, Simulium, of this family, but it is very 
widely spread and will probably prove to be nearly cosmopolitan. 
Some of the species are notorious for their blood-sucking habits, and in 
certain seasons they multiply to an enormous extent, alight on cattle 
in thousands, and induce a disease that produces death in a few hours, 

Stmulium colutnbaczense has occasioned great losses in this way 
near the Danube. 

In India the family is represented by the well-known potu fly (Simulium 
nidicitm) (fig. 286} of the North-West Himalayas. This insect is plentiful in the 

Lift -history Of summer in the chir {P. longt/olta) and deodar (Cedrus 

(ieQtfQta) forests of these mountains : the species found in Assam may be identical. 
It is most troublesome in the North-West Himalayan forests, as its bites are very 
irritating and produce blisters- The flight of the insect is noiseless and its bite at 
first so painless that the creature is seldom noticed until it has absorbed the blood 
from the wound. Brushing it away is then of no use. It leaves a characteristic 
mark due to the presence ot a little globule of blood, about the size of a pin's 
head, beneath the skin. This rapidly turns black. The irritation produced varies 
in intensity in different people, but the insect has been known to drive whole camps 
of sawyers from the forest and to stop all work. 

Series II.— Orthorrapha Brachycera . 

Antenna? variable. Palpi only one or two-jointed. The system of 
nervurcs in the wings is complex and there is no definite arched suture 
round the insertion of the antennae. 

Family V.— Tabanid<e (Gad-flies). 

The proboscis in this family is fleshy and projecting, the antennae are 
said to be three-jointed, but the last joint is constricted, and therefore 
they consist of apparently more than three joints- The head is short 
and broad, with very large eyes ; mandibles (biting jaws) are only present 
in the ? f the abdomen is flattened; the larvae are cylindrical, some of 
them being aquatic, others living in the earth or in decaying woo ; 
they are of predaceous habits, attacking and sucking insect larvae or 
worms* The female flies suck the blood of mammalia and are a 
great plague to horses, cattle, and animals of all sorts in India, 
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Species of this family are very plentiful in India, and the large 
horse-flies of the forest are well known to all foresters. It is these 
insects which (lri\e large game, such as elephants, sambhur, etc., 
living at the foot of the Himalayas and other mountain ranges, to 
seek the higher hills, and consequently cooler climate, during the 
hot weather months, at which season the (lies are particularly abund¬ 
ant. Fig. 287 shows the fly Nemocera sp. of the Assam evergreen 
forests. 

Family VI.— Bombyliids,. 

The body is frequently fringed with down or covered in large part 
with hair. The legs are slender, claws being small, with only 
minute pulvilli. Proboscis very long and moderate, antennae three- 
jointed, terminal joint not distinctly divided, sometimes large, some- 
limes hair-like. This is a large family of flies aud is of great 
importance to both naturalist and economist. There are two well 
marked types of fly in the order: t i) the Bumbyltides with very long 
exserted rostrum and humped thorax; and {2) Anthracides with a 
short beak and of more slender thoiax and graceful form. None of 
these flies are blood-suckers; they frequent flowers only and use 
their long rostrum in a harmless manner. Ihe wings are usuallv 
ornamented with a pattern, ,and the clothing of the body is frequently 
variegated. It has recently been discovered that the larva of various 
species of Bombyliids are of great service in that they devour locust 
eggs, whilst a species of Systropus has been recorded as destroying 
the larvae of Limocodes. 

Family VII \—AHU 4 » (Robber-flies). 

i his is one of the largest families of flies, including over three 
thousand described species. In these flies the mouth forms a short, 
projecting, horny beak, the palpi being small. The body is elongate 
and hairy, and the feet have powerful claws which are often thick 
and blunt. The insects are predaceous in the winged state and 
devour numbers of other insects They prey upon large species and 
fear none, attacking wasps and other stinging insects and captur¬ 
ing even dragon-flies and tiger-beetles. Little is known about their 
larval stages in India. 
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Series III .-—Cytforrapha Asthiza . 

Antennae with not more than three joints, and these are furnished 
with an arista, which is not terminal. Front of head has no definite 
arched suture over the antennae. 


Family VIE I. —Syrphidse f Hover-flies). 

Fi ies of moderate to rather large size, frequently spotted or banded 
with yellow, having very short, three-jointed antennae and a cleft on the 
under side of the head in which the proboscis, which is thick and 
fleshy, can be withdrawn. This family is one of the largest and best 
known of the flies. Species abound in gardens and glades of the forest 
where in sunny weather they may be seen hovering over flowers or in 
the rays of sunshine which pierce through the leafy canopy of the trees. 
The larvae are very diverse in appearance, and they live either on plants 
or in water. Some feed upon aphid® or plant lice, and they may 
then be found on bushes or trees attacked by these blights, deveuring 
them with great voracity and in large numbers. 

The larv® of Syrphus nietneri, Schiner and Syrphus spUndenst 
Dolesch (fig. 288) are said to prey in this way upon the coffee louse, 
Aphis coJfe<B } in Ceylon. 


Series IV. —Cyclorrapha Schisophora. 

Antenna has three joints and is furnished with an arista. The 
frontal suture over the antenn® is often well marked. The nervures 
in the wings are not ao complex. 


FAMILY IX.— Tachintdm (Parasitic-flies). 

This is an enormous family of flies, the larvae of which live parasiti- 
cally on other living insects, Lepidopterous caterpillars being especially 
attacked. The antennal arista is bare and thus these insects may be 
distinguished from the house-fly, in which it is plumose, and the upper 
surface of the body is bristly. The insects of this family have 
in many cases a very great resemblance to the common house-fly. 
Many have been reared from the insects in which they live, but 
beyond this little is known of their life-histories. The eggs are usually 
deposited by the flies near or on the head of the host. 7 ejjub 
on hatching out burrows into the caterpillar s bo y, 


288 . Syrp/uts t/Umd/Fi. 

389 , Mtucktra ^ 
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293. Cornnmn Lfru-fly of the Cwrael (After Shirp). 





















A MANUAL OF ELEMENTARV FOREST ZOOLOGV. 


*49 


the vital organs, so that the parasitised larva usually lives on until the 
dipterous grub is full fed, and it may even change into a pupa before 
death ensues. In the latter case the pupa will be found to contain 
one or more small fly pup*, according to the number of eggs laid 
upon or in, and developed in, the caterpillar. No moths will of 
course issue from pup* attacked in this way. If the caterpillar dies 
before changing to the pupal state the fly-maggots will cut their 
way out and change into pup* on the outside alongside of the dead 
caterpillar's skin, or they may burrow into the ground and pupate 
iere. From the above it will be seen that these flies are of the 
very greatest importance and service to man, owing to their habit of 
^destroying caterpillars, and thus keeping down swarms of defoliating 


We are only just at the commencement of our reaches in this resort In 
India, but there can be little doubt that these insects will well repay study ? 

The writer has bred a new species 0 f Maxim* (fig. 289) from the caternillars 

^ * t h C destructive teak tree defoliator Hybl* a p ut rc. 

ber from caterpillars parasitised in^uLst^vT*' ^ ’ SSUed in Septem ' 
parasitise* the Sal Dcfoliatore Dasychim horsfi *?™ tra dtt V <btrat (fo 39 °) 
ipccies of Lymantria which defoliate this tree in As^m ^ ° f a " ° f thc 

-arch, as unIess 

iombycts (fig. 291} is parasitic upon the Eri and wufcewT* lfc h#,eMl ^ TrycoI W a 
is very destructive, it is very like a larve hn,. a • * Sllkworms of Bengal and 

same way it attacks the silk caterpillars. * ‘ h ,tacks it in much the 

A closely related family dt«f/h,p« y ,7^ , v i.;-u , . 

a* the Tachinida, contains the important "fly *f' Same charac,ers 

p»«w c upon ft. W .1 ft. m lg, al „ y , 0WM ilrU iu m t ^ZZ ' “ 

T . . . . F , AH1LV x -—Muscida (House-flies'. 

1 11 c arista is feathered anr] ki, ai.* il 

from the Tachind flies which they othe •** C * n ^ distin g«ished 

contains many of the most abundant spec^rinTh^^ 7^ famiIy 

including the house-fly, blue-bottles or blow fli!^ ^ earth ’ 

The larvae live on carrion and decaying or excrement ^ f ° rmS ' 

The common house-fly (Mutca domestic*, fip » ‘° US 1,1 atter * 

lift-Minify of Malta iemiuUt, in a ^ 9 ‘ hr0U K h life-history 

W dUnE ° r 2ny J0ft d ™P » the larva hatch ouHnt day 1*2 
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feed on refuse ; they may be full grown in five or iix day? and then l pupating 
may emerge in another week as perfect file?* This accounts for their enormous 
and rapid increase where dirt and decaving matter is abundant. It has been 
calcul ited tfiat one female of the common house-fly may have 25,000^00 descend¬ 
ants during one season* 

The grubs of the fly Rivellia persica have been reported as seriously 
affecting the growth of the peach ( Primus persica) fruit in Chota Nagpur, 
whilst those of Dacus ferritgineus live in and considerably damage mangoes. 

Family XL— Oe stride (Bot-flies) 

This is a small family oF flies, the larv^ of which live in the bodies 
of vertebrates. The insects are large flies with very short antennae 
bearing a segmented arista; the front of the head is prominent, and 
the posterior part of the wings is often rough and with very few 
veins* The family is of small extent, less than too species being 
known, yet it is of interest owing to the habits of its members. Some 
{GdstrophilttSi etc,) live in their larval stage in the alimentary 
canal; others [ Hypoderma , etc) are encysted in or under the skill 
while others ( Oestrus , etc,L occupy the respiratory passages* Many 
of them attack the domestic animals used by man, and some even 
man himself. The lifcdiistories arc still very incompletely known 
They do not bite the animals they attack* but deposit the (ggs upon 
the hair of the skin or the young larvae, already hatched, in the 
entrance of the nasal passages, i he larvae always quit the bodies of 
their hosts to pupate* 

Horses, oxen, deer, sheep, etc*, are attacked by these flics* 
Fig, 293 shows the common bot-fly of the camel, 

Series V. — Pupipara. 

Often wingless flies or the wings are reduced in size. The 
voung are produced alive, full grown, but have still to undergo a 
metamorphosis. They are found in connection with vertebrates, and 
the habit of blood-sucking is probably common to both sexes. 

Family XII .—Hippoboscid 

The wings are variable, sometimes present and large when the 
surface is waved and the nervures are thick and confined to the 
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anterior and basal part, at other times mere strips, whilst occasionally 
they are entirely absent. The proboscis differs from that of other 
flies, consisting of two hard flaps fitting close together, which can 
be opened allowing an inner tube to be exserted from the head* 
The family includes the horse-fly and the sheep-tick, 

iNote.—T he sub-order Aphaniptcra includes the Family Pnlicidse'or fleas which 
are wingless injects, having the body laterally compressed, so that the transverse 
diameter is small and the vertical one great It is unnecessary to do more than 
mention these insects here. They are known to all. 

Useful Diptera, 

The Order contains some insects whose habits render them of the greatest use 
to man. Amongst the Ctcidomyiida t a family containing some bad pests, ihtre 
are some species which are predaceous, feeding actively upon Aphids or Acan t 
and even upon their own relatives. The lame of the Tabanidai are predaceous 
in habits, feeding upon other in&ect larvas and worms. It has been discovered 
that some species of the Bombylhd® are of great service, in that they devour 
lecust eggs, whilst one has been recorded as destroying the larva of Lim&tadts* 
As the adults of this family frequent flowers, it is probable that they are of some 
service as pollen distributors. 

The Asilidm are predaceous in ihe winged state and devour numbers of other 
insects, attacking all species without fear. They probably do some harm in this 
vray by attacking useful species, iLbeing known that they will feed upon useful 
predaceous tiger-beetles and dragon-flies. 

Some of the larva: of the Syrphid# are known to feed upon Aphidm, whilst the 
family Tachitiidce include almost entirely parasitic species which feed within other 
insects, chiefly perhaps the carterpillars of LtptdopUr<u The Amfhtmyitd*, a 
closely-related family, contains the important fly Amtfamyia pishawa Musis, which 
is parasitic upon the eggs of the migratory locust of India, and thus renders tjreat 
service to man by checking to some extent the increase of this pest. 

Order VUL— Thysanoptera {Thrips.) 

These are extremely abundant minute insects, which are to be 
found in profusion in flowers. They have four very rarrow fringed 
wuigs and an imperfectly suctorial mouth. They are, as far as our 
present knowledge goes, of no importance to the forester, though 
speaes have been reported as injurious to turmeric, the opium poppy, 
ajid the leaves of the tea plant. It has been said that some feed upon 

. . , but the sUtemen t does not appear to be supported by suffi. 

cient evidence at present to render it of importance, 
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Order IX.— Hemiptera OR Rhynchota. 

The Hemiptera or Bugs are perhaps better known as Rhynchota. 
They are insects whose mouth parts consist of a proboscis or beak 
(usually concealed by being bent under the body) which has the appear¬ 
ance of a transversely-jointed rod or sheath, in which are enclosed 
Jong slender processes like horse-hairs which are used for piercing 
plant substances. (See fig. 42.) The possession of this form of 
mouth, renders it easy to distinguish the insects of this order. 
The Lice, which belong here, have not this jointed beak ; these will 
be referred to later on. The Hemiptera are without exception 
sucking insects, and the mouth parts of the individual are of one form 
throughout life, there being no pupal stage in the order. The thorax 
is always very distinct, andoften large, both the meso- and meta-thorax 
being well developed, and the scutellum of the former is frequently 
very large, at times covering the entire dorsal surface of the body, 
he wings are usually four in number. The upper half of the upper 

back• I orH, SOme ^^ WingS then s!lUttin g flat 011 

ck, or they may be membranous and fold on the back in a roof- 

shaped manner. The young resembles the adult in general form; the 

:r\t:rr tside ‘ he b ° d * •«*« 

. There is often an ovipositor, in the female. 

OO ^d«‘o( fa^ ,pe ?t : '! 1Ve b "“ dcsctib ^ a " d *!■=« <• probably 
£ taL «« « ,L h '2 ls . s ° directl y «»»«ted with the welfare of 
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For our purpose we will divide the order into the two sub-orders 
Heteroptera or true Bugs and the Homoptera which includes the 
scale insectsj cicadas, blights, etc. 

Sub-order I.— Heteroptera 

Front of head does not touch the coxae (hips)* The anterior wings 
are more horny than the posterior pair and fold flat on the back, their 
apical portions usually more membranous than the bases which are 
horny. The lower portion of the right wing overlaps the left at tip. 

Family I .—Pentatomidae* 

This is the largest family of the Heteroptera, including some 4,000 
species. The insects can be recognised by the large scutelluni which 
is at least half as long as the abdomen, and often covers the whole 
of the after part of the body and wings* Antennae are often five- 
jointed and the proboscis sheath is four-jointed. The ocelli are two 
in number and there is an appendage to each tarsal claw* The 
colouration in these insects is often very vivid This family contains 
a number of pests and one or two useful predaceous insects* 

An inject named Ocropham montana (see fig*294) or the bamboo bughas 
Ufe'hktoff Of QtropUra proved a serious pest to bamboo seed * The following 
rnflFWand ' is known about its life-history : — 

The insect feeds in both larval and adult stages upan the developing seed of the 
bamboo, Dendrocalamus sirieiits. In 1900 it appeared in the Central Provinces in 
enormous numbers in the midoleof January and fed voraciously upon the ripening 
seed till the middle of March and then disappeared, having probably laid its eggs 
somewhere first. Nothing further appears to have been recorded on the life 
history of this pest 

Cattikcc&na furceltata is a small active yellowish bug which is said to destroy 
lussar silkworms. It probably also feeds upon noxious defoliating caterpillars* 

Family IL— Coreidae, 

The members of this family are easily recognised by the following 
characters :—The scutellum is smaller than in the last and does not 
reach to the middle of the body ; the proboscis sheath is four-jointed 
and ocelli are present; antenna are generally elongate and four- 
jointed and are inserted on the upper parts of the sides of the head; 
the femora of the legs are not knobbed at the tip-___ 

* Vide Departmental Notes on Insects which ajTcet Forestry, Yob I, p- I3 3 i *° r * 
fuller account 
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These insects are rarely of brilliant colours, 

The family includes a very destructive species in India known as 
the Rice-sapper, 

An insect known as Ceratopnthys variabilis feeds upon the Jhand (Prosopts 
spitigera) in the Punjab and has the following life-history :• — 

The bugs commerce feeding in February, having hibernated through the cold 
Marot ctrattfiih), weather months as half grown larva, and become full 

grown in March, 1 hey then pair and eggs are laid, and 
the next generation takes about ten weeks to pass through i two weeks being spent 
as a wingless larva, two with rudimentary wings, and three whilst these rudi¬ 
mentary wings are becoming fully developed. The number of summer generations 
has not yet been ascertained. The insect finally hibernates at the beginning of 
November. The eggs, when first laid, arc of a brilliant green colour, which soon 
turns to reddish brown. The insect itself is green and red in colour. It appears 
to confine its attacks to one-year old coppice shoots, sucking out the sap from them. 
The shoots turn yellow and dry up, the growth thus being retarded one or more 
years by the attacks of the insects ; fig. 295 shows this bug. 


Family \\\.—Lygsidat. 

The characters of the members of this family are the same as those 
of theCoreid®, the insectsonly differing in the position of the insertion 
of the antennae; the upper surface or face of the insect is not flat, but 
ts transversely convex, so that when seen in profile the antennae appear 
to be inserted well down upon the sides of the head. The family 
conUins some injurious insects. Most of the known Indian species 
are reddish in colour, as, e.g., the red cotton bug and other plant-feeding 


Little is at present known about the forest livinc’ 
family. 6 


members of the 
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upon wood and bark-boring beetles. A species has been found engaged 
in this manner under spruce bark in the North-West Himalayas. 

Physvrhymhus sf>. (fig. 296) is a large- black species common in Jaunsar, N.-W. 
Himalayas. Reduvius sp.{fig. 297) lives beneath the bark of Nauclea sessili/olia 
trees in Burma and preys upon bark-boring insects. 


FAM1LV V.— Capsidm. 

1 hese are moderate-sized or small bugs of delicate consistence. 
They have no ocelli present. The elytra and wings are usually 
large in proportion to the body. Antenna: are four-jointed, the 
second joint being usually very long and the terminal two more 
slender than the others. There is no groove on the under surface 
or the proboscis to fit into. The scuteiium is exposed and moderately 
large and the tarsi are three-jointed. The female has an ovipositor 
which she can put out and draw in at will. The family is a large one, 
the insects being delicately coloured and never metallic. They fre¬ 
quent plants of all kinds, and many of them skip, by the aid of their 
wings, with great agility in the sunshine. The majority suck the 
juices of plants, but some are known to prey upon other insects. 

The best known Indian genus is Htloptltis to which ike mosquito blight of 
cut belongs- Ihese injects possess a knobbed spine projecting straight up from 
the scuteiium* The ^gg is placed by the bug in the stems of the tea-plant, but 
attached to one end of the egg are two long slender threads which project extern* 
ally* The insects o;t hatching out suck up the juices of the plant* They appear 
1*11 the plant all through the spring, summer, and autumn months* Fig* 298 shows 
the young stages and the full-grown insect. 

Ditphindus humcralU Wlk* is a small insect which has been reported as 
attacking chincona in Sikkim. Little seems to be at present known about it* 

N<*Xt.“The various bugs which live in water, known as Crypt&ccrata> 
belong to this sub-order. They arc provided with swimming legs* 

Sub-order U.—Homoptera, 

The front of the head is much in flexed so as to be in contact with 
the coxae. The anterior wings are of the same consistency through¬ 
out, and do not overlap at the tips. This sub-order is divided into 
rhree series according to the number of tarsal joints present on the 
feet of the insects—the Trimera having three, Dimers two, and 
Monomers one tareal joint, respectively. 
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Series.— Trimer a. 

Tarsi usually three-jointed. 

Family Vb —Ckadidtc (Cicadas). 

These insects, as far as is at present known, are seen above 
ground only in the perfect condition, spending the earlier larval 
stage in the soil upon roots. They can be recognised by having a 
head with three ocelli placed triangularly upon the summit between the 
compound eyes j the antennae consist of a short basal joint surmounted 
by a hair-like process divided into about five segments. The front 
femora are more or less thickened and are armed with teeth. The 
family consists of large insects with the four transparent and shining 
wings, the nervurcs being distinct and dark-coloured. The insects 
are sometimes brightly coloured, black and yellow being the 
predominant tints. The body is broad and robust. They are 
mostly tropical insects. The Cicadas produce the curious 
whirring sound which is so characteristic of the submontane and 
montane forests in India. The sound is produced by the male 
by means of a specially modified stigmata which can be seen at 
the base of the hind-legs. The eggs are in the case of some species laid 
by the female in the branches of trees in which she makes incisions 
with her ovipositor. On hatching out the young larvae crawl down 
to the ground and bury themselves in the earth where they feed 
upon the roots, and in this manner may spend several years in this 
stage of their existence, They usually, if not always, leave the 
ground before the last moult or shedding of the last skin, this being 
often done upon the trunks of trees, etc. After shedding this last 
skin the insects are fully developed ; they then pair and lay eggs. 
The life-histories are little understood, but Cicadas appear at intervals 
in swarms rather after the manner of the appearance of the north¬ 
west locust over India. 

In India there are numerous species, but practically nothing is knoun about 
their life-histories. Frg. 399 <t shows the empty last larval skin and full-grown 
insect of a species of Cicada common round Mussoorie; fig. 300 a Cicada common 
in the great grass jungles of Assam. It is bright green in colour. 

Family VII.— Fulgoridx* 

These insects can be best distinguished by the fact that the two 
ocelli present are placed beneath the eyes or near the e yes usually in 
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cavities of the cheeks. The antennae are placed beneath the eyes and 
are very variable in form, usually consisting of two joints terminated 
by a very line hair. The prothorax is not armed with spines, etc., 
and is of normal size. Some of the injects are very large, others 
quite small. The family includes the so-called Lantern-flies in which 
the front of the head forms a huge misshapen proboscis which was 
formerly believed to be luminous. Many of the species are of bright 
colouration. A number have the power of excreting large quantities 
of a white, floculent wax. 

One of the commonest members of this family in many parts of India is 
Life-hit tot? of phrtmnia Phrontnta marginella. The mature insect resembles 
mcr£ir.tiia, a moth, the parchment-lit<e front wings being grass 

green with the anterior margins red, the posterior wings milk white, and the 
body greenish. Round Dehra Dun, where the insect is common, the eggs are laid 
in numbers in the bark of twigs and hatch out in December-January, ^tid 
the larv* may be found clustering in white masses on the food plant from then 
until the commencement of the rains. The larva are covered with a mass 
of white flooultnl matter, secreted by small glands on the back of the abdomen. 
This as they get older sireiches out behind in long, white, tail-like appendages, 
rendering the insect unmistakable. They appear to feed on a variety of trees. 
Fig, 30! a, b, c shows the young larva, imago, and a leaf with larvae clustered on it. 

A large typical fulgorid was plentiful on the teak in the South Coimbatore 
forests in July 11,02. Its history, which is likely to prove interesting, requires 
working out. 

Family VIII,— Membracid&, 

This family is of large extent, its members being chiefly tropical, 
and are especially abundant in America, and probably so in India, but 
little is known about them in this latter country. The insects are of 
curious form ; the prothorax is prolonged backwards into a hood or 
processes of various shapes ; the antennai are inserted in front of the 
eyes, and there are two ocelli placed between the eyes, The young 
have but little resemblance to the adults, the great thoracic hood 
being absent, while on the back there ts on each segment a pair of 
long half-erect processes having fringed margins. 

Family IX.— Cercopidx. 

There are ttvo ocelli (occasionally absent) which are placed upon 
the vertex; the antennae are placed between the eyes. The thorax is 
uot peculiarly formed. 
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These insects are the common cuckoo-spits, so called from the habit 
of the larva of emitting a liquid which it secretes in large amounts in 
the form of bubbles which accumulate round the insect and conceal it. 
The adults are known as frog-hoppers, their power of leaping being 
very great. Circopid* are common on the leaves of many trees in 
Indian forests, though at present very little is known about them. 

The eggs are laid, upon the food plant, and the insect lives upon it in 
all its stages. 

A species belonging probably to the genus Machcerota has been 
reported as making ' webs ’ on the farash Taman'x articulata. 

A large cuckoo-spit in its typical froth bubble was plentiful on the 
teak in the South Coimbatore forests in July 1902. 

Family X.— y&ssidie (Cicadellina;}. 

A large number of small or minute insects are included here. The 
insects are usually ol narrow parallel form and frequently excessively 
delicate and fragile. Ocelli are two in number, placed just on the 
front margin of the head (almost in aline with the front of the eyes, or 

more in the front) or on the deflexed forehead. Hind tibiae usually 
with many spines* 

The ninngo jassids, of which three species—/rfiW*rwf nivtQspar$us t L dypealis 

and /* atkimoni— are known, stick the juices, of the 
young shoots* young leaves,and flowers of mango trees* 
at times to such an extent that light crops of fruit are the 
result* Fig* 303 a* b shows the young larva and full 
grown insect* 

A spccie« of jassid has been reported as very numerous 
in the Godaveri teak forests where it apparently causes 
the leaves to will and wither* 

Series 2* — Dimer 4* 

Tarsi usually two-jointed. 

Family X! ^Psyllidw* 

Minute insects with usually transparent wings placed in a roof-shaped 
manner over the body; three ocelli are present and the antenna are 
long and thin, consisting of eight to ten joints. Very little is known 
about the Indian forms of this family. They are sometimes called spring- 
ing plant lice as their habit of jumping distinguishes them from the 
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Aphid#. They vary remarkably in colour, the latter apparently 
depending upon the age of the individual, the food plant, the climate, 
and more particularly the season of the year. The insects probably 
pass through several generations in the year. The young larvae differ 
in form from the adult. I'syllidae excrete or exude from their bodies 
matter which is sometimes called l.oneydew; these exudations are 
often in large quantities, the substance running down from the trees 
on to the vegetation beneath. 

An insect, named Psylla cistellata, attacks and aborts mango shoots (see 
fi? 303), whilst another, Phacoptera lentiginosum, (fig. 304) forms galls upon the 
Gar ruga, pmnaia, and a third, Psylla obsohta, galls on Diospyros mtlanoxylon, 
P. ebsoteta is a small winged fly ferruginous in colour with a single pair of 
Llfchittor; of Ptflla oiidiia. transparent wings. The galls are formed by the young 
insects collecting together and sucking the juices from the leaf. The irritation set 
up gives rise to a yellowish red rough swelling having the appearance af tire gall 
known as 4 oak-spangles * in England. The insects mature and quit the gall in 
January. The insect appears to attack only the leaves of young plants 6—7 years 

° ld ‘ FAMILY XII .—Aphids (Blights, Plant lice). 


A large family of minute insects which are extremely injurious to 
vegetation, and are proving themselves to be destructive pests in 
Indian forests. As usually met with they are destitute of wings 
although many species have two pairs of transparent wings which 
have a very characteristic neuration. In the wing there is one main 
nervure which forks, and from the fork another forked vein is given 
off This is characteristic of the Aphid wing. The antennae are 
long or moderately so, and are from three to seven-jointed. The 
body is soft, often bulky, pear-shaped, and green, yellow, brown, or 
black in colour. The surface is often covered with waxy blooms. 

The abdomen has often a pair of tubes or short processes upon the 

none' side of the fifth abdominal segment which secrete saccharine 
solutions. The legs are feeble and the wings are often absent in the 
females. The first joint of the two-jointed tarsus is sometimes very 

Sh °These thin-skinned insects are sometimes called ‘blight, ’and 
during the warm months of the year they are capable oi incre«mg 
j„ en ormo»s numbers. This is due to p«ul,anl.es m the-rlde 
histories, which render this family a very important one in the eco 
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nomy of nature. An Aphis is injurious owing to the enormous amount 
of sap it extracts from the plant cm which it feeds, and also owing to 
the fact that it clogs up the stomata ot a plant with the saccharine 
solutions which it exudes. A fungus often arises from this sticky 
solution ; e.?., in the case of the Bamboo Aphis, which is common in 
India, a black fungus grows in the sweet matter it exudes and forms 
a felt-like mass on the stems. 

The eggs are often laid on the plant in the autumn and remain 
there till the spring, when there hatch out from them wingless females 
which do not lay eggs but produce young parlhenogenetically. This 
goes on till the autumn, the young reaching maturity in a week or ten 
days under favourable circumstances, and bearing young partheno* 
genetically in their turn, the insect thus multiplying exceedingly rapidly 
and in very large numbers. In the autumn the last brood produced are 
males and females, the latter being usually wingless. These pair and 
eggs are laid. The winter Is passed through in this stage, and the 
wingless stem mother hatches out in the succeeding spring. The life- 
history is sometimes varied by some of the females of the last genera¬ 
tion having wings. These may then fly off to another plant, and lay 
their eggs on it. This occurs in the case of the insect known as 
Ckermes abictis-picem whose life-history we will shortly consider. 


This Chermes lives upon spruce and silver fir in the North-West Himalayas. 

The vint r is passed through by the stem mother, who 
,V£ h c? rf lakes shelter at the base of the shoots of the spruce and 

ca « be found there in the spring, her proboscis buried 
in the bark of the shorn. She lays a number of eggs here, and these hatch out into 
larv;e. the minute purple larvx shown in fig. 3 o S a . b. The irritation ra.iscd by 
their I-eding at the l-asis of the young needles gives rise to a gall formed bv the 
young leaves swelling „ p at I heir bases, the young larvx becoming enclosed in 
chambers mil in it (fig. 30s i,. 'I he larva grons to full size in the gall which consists 
of a number of chambers having several larvae in each, «,d by the timer he gall is ripe 

** ummer U u yj ,he y are read y 10 issue The scales or covers of the eone*|ike 
gall contract, one end curling up and thus forming an opening through which the 

SEi o f S? Bl * ! a,Vjl Skm spUls *"">• -0 ma,ure 

influftu-e nt H W ’j g9 ’ Wl " Ch ’‘ U ' e r0l ' S ° n * ,S back > °P CI1 ° ul lhe 

The effert of K- SU " a - nd htat i * nd iWn become b ™ d and the insert then flies off. 

the Saw Jin fit " \° CripP ' 4 9ho(>ts ^ »S At The insects which leave 
J* H J. " * ns 1 ed f * malts . a nd a certain number of them migrate to the silver fir 
UP Inch they lay their eggs, which are covered with a cottony deposit. The males 
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pair with the females, and from the sexually produced eggs laid arise the stem 
mothers. The stem mother from the portion of the generation which flew to the 
silver fir probably lives through the cold weather under the bark and appears in 
the spring. The larvx hatching out in May from the eggs she lays spread ever 
the needles and suck out the sip from them. They can be seen on the bright 
gTeen young needles in the spring as minute purple black dots exactly resembling 
the small grubs in the spruce gall. U.ider their attacks the needles of the silver fir 
often become contorted and twisted into a spiral kind of cone. Towards the end of 
June these grubs become full grown and casting off the last larval skin become 
fully developed flies resembling those Issuing from the spruce galls (see fig. 305 ch 
These winged individuals fly to the spruce and lay eggs upon it. Thus we have 
two generations of the same insect feeding at different times on two different host 
plants, and we get the phenomenon known as parallel series. 

In Europe a well-known instance of this is provided by the insect Chermts 
abittis+laricis which forms the well-known p$eudo*galls upon the spruce during one 
of the generations or series, whilst the other is spent upon the larch. In the North- 
West Himalayas these galls on the spruce differ from the European ones in that 
the upper part of the oranch does not continue to grow out of the top of the cone. 

A black aphid seriously attacks the blue pine in the North-West Himalayas 
and causes very heavy defoliation to the tree owing to the large amount of sap 
which it takes from the branches in the spring and early summer. This insect 
sometimes swarms so thickly on the branches as to entirely enclose them in a 
winged black mass of aphids* 

The genus Pemphigus, contains other gall-producing aphids, P.cdificator 
l if!-1 h story of 'hi rwthtiu) produces galls upon tile twigs of Pistatea Urtbinfhus tn 
gaUimakeri. Baluchistan, These galls are as much as 4 inches in 

length, and a tree may contain a number of them. 1 he flies are black in colour 

and issue in November* Fig. 306 shows the fly and gall* P. napmus (fig- 3 °/) 
and P. immunis (fig. 308) form galls on the twigs of poplar trees (Populus 
euphratica and P. tremula) growing on the mountains on the northern frontier 
of India (Darkot Pass, Bunji on road to Gilgit, etc.). Pemphigus sp* forms galls 
on the leaves of poplar trees ( P * euphratica % etc,) in Baluchistan where it is 
exceedingly common* Tire young larvae hatch out in the spring and collect in 
one place on the under-side of the leaf and suck out the sap* The irritation set 
up gives rise to an elongate swelling which takes various shapes, the convex part 
arising on the dorsal surface of the leaf. The larva; live in the interior of the 
swelling and mature about mid-summer. The swelling by then has turned pmk 

and yellow, dries slightly and opens on the under-surface, and the winge ,cs 


crawl out and escape* , . 

Oregma bambusa is a small black aphid which attacks t eaves 

bamboo Bambusa arundtrtacea in Dehra Dun* The insect is easily seen 
covers the leaves with a black sticky gum. Fig* 3^ shows the ap 
viviparous female and the winged female of this pest* 
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Family XIIL — Aletirodidm . 

These are minute insects with mealy wings, seventeen-jointed 
antennae and two-joinied feet terminated by two claws and a third 
process. Little is known about them at present in India. 

In iome cases they form scales upon plants, as in the case of the 
Ceccidse {vide below). An insect named Aleurodes eugenim has 
been reported as infesting Eugenia jambolana trees In Poona in 
this way, * 

Monomer a. 

Tarsi consist of a single joint only. 

Family XIV ,—Coeeidse (Scale Insects). 

The form in which these insects are most usually known is that 
of a small scale or shell-like body closely adhering to leaves, fruits, 
or to the bark of trees, shrubs, etc. The scales thus formed are of 
the most varied shape so that no general description can be given of 
them. The scale may be defined as an accumulation of excreted 
matter, combined with the cast skin or skins of the insect, covering 
the body either totally or partially, and thus acting as a shield under 
which the subsequent development takes place. All coccids do not 
form scales, but the habit of excreting a large quantity of matter to 
the outside of the body is universal. The insects are usually minute 
with but a single claw to the foot. The male has one pair of wings, 
but no mouth parts; the female is wingless and usually so degraded 
in form that most of the external organs and appendages cannot he 
distinguished. When first hatched they are tiny little creatures, and 
it is only later on that the females lose the powers of locomotion, 
although in certain forms the females do not lose their antennae and 
legs. They have no distinction between head and thorax. The 
beak is three-jointed. It is as they approach the adult stage that 
they become stationary and their bodies Swell up and legs diminish 
and the excretions forming the scales are produced. The eggs are 
generally laid under the body of the female, and as she lays them her 
body gets thinner and dries up, for ming a kind of dish-cover over 

• For a fuller account vtdt Departmental Notes on Insects which affect 
Forestry, No. !, p. 132 
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them, above which are the cast shins of the moults, and above these 
the encru-itations of the scale. When the male larvae change, they 
change to a pupal stage which is exceptional amongst Hemiptera. 
In spite of the female being wingless these insects spread more and 
cause more damage than any other family of insectr., The ability to 
spread depends upon the activity of the larvie and on the facilities 
which exist for the transport of the eggs. Many of these, which are 
often laid inside cottony masses, are blown about by the wind, 
others are transported by birds, etc. Cocoanut palms in the Laccadive 
Islands, areca palms on the Bombay coast, the sal tree in Northern 
India, and coffee bushes in Southern India and Ceylon are known to 
suffer to a serious extent from the attacks of the Cocndz^ whilst 
mango and orange trees, tea bushes, and other plants have been 
reported as harbouring various species. 


Information as to the attacks of coccids in the forests is at present very defec¬ 
tive in India. A genus bearing the name Monophlebus has within the last few jears 
come to the front as containing serious forest pests The members of the genus 
apparently confinethcmsclvescnttrely to trees and woody shrubs. The life-history 
of one of the species, named recently by Mr. E. Ernest Green as Monophlebus 
SUbbingi, has been to some extent worked out, and the observation noted 
have shown that this class of scale has serious destructive capabilities when it 
swarms in large numbers. This insect lives on the sdl tree, and during the last 
few years it has swarmed in ever-increasing numbers in the Siwalik sfil forest 
and adjacent areas both to the west of the Jumna and east of the Ganges. Its 

like-history as far as at present known is as follows 

The young female larva first appears upon the s&l leaves during November 
t . ,, ... as a minule yellow speck. This increases in size, 

Morophle^ufl Stebijingi, and during February it quits the leaves ana 
takes up its position on the twigs. By the end of March it has grown into a fat, 
robust scale, half an inch or even as much as J inches in length, by i or \ in breadth, 
and covered with a white powdery substance, the colour beneath being orange or 
brown. The accompanying plate shows these insects feeding upon a sal sapling. 
The female is sexuallv mature about the beginning of April. During the whole of 
this period it retains possession of its legs and antenna; and walks about over 
the largest trees, but spends most of its time with its beak firmly embedded m the 
bark of the twigs and smaller branches, from which it sucks up the sap. It is also 
to be found in numbers on the upper portions of saplings. The scales are some¬ 
times so thick on the stems and branches as to entirely cover the twigs, which 
appear as if encrusted with snow. During the whole of this period they exu 
enormous quantities of a saccharine solution, which coats the leaves and twigs 
closing up the stomata, and drops down on to the parts of the tree below, thoroug y 
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wetting them and the ground beneaLb* When the insects are numerous this 
excretion can be heard pattering down like raindrops, and soaks everything* 
The male larva has not yet been found, but the male pupa is known and the male 
adult, which is a small red fly with a pair of black wings and some appendages et 
the end of its body, see fig, 310 d* It is j inch in length with a wing expanse of £ 
an inch* It appears in April and fertilises several females. Soon after pairing the 
mate crawls down the tree seeking out crevices in the bark at the foot, 
or fallen trees, large stones, etc*, as a sheltering place in which to fay ber eggs* 
1 he'se are extruded from the body in a cottony sac-iike bag which is partially 
covered after death by the scale-like skin of the female. The eggs are crimson 
in colour and shining, and one female lays over 450 of these in the sac* 
Fig, 310 a to g shows the female with the cottony eggs sac, ihe egg, male larval 
Skjft, male insects, female, a branch with empty female larval skins adhering to 
it and a branch with full grow n female insects feeding on it, 

1 he damage dor,e by the pest is serious, as young twigs and smaller branches 
dry up under thir many 1 tappings 1 to which they are exposed, the crow ns of the 
trees thus being thinned out j saplings similarly suiter severely. Jthas been 
already mentionL-d that this pest is serious!) prejed upon by a eoccincliid beetle 
Vtduha guertmi—vide p. 114. Other spscies and varieties of Monophlebus have 
been found open sissu, teak, mango, Catarina tquiselifolta and PrcsoPis 
sptcjgera t but their Itfe-hisLories have yet to be worked out. 


Florinia thess is a minute scale insect which lives upon the leaves 
u,.h ( .,. r , o, A'.,,-,,,* noe. of the olive, Olea glandulifera, in the North-West 
Himalajas. It is a small, pale yellow, blunt, elliptical scale which 
comes to rest early in life and often thickly covers the leaves of the 
tree causing them to turn yellow and drop off. Fig. j s h 0W s this 

tea p"llnt FOrt “’'' ° ( ‘ " ith iL The «»*<* *1*0 attacks 


Lecantum nigrum i3 * „nnuie Dtack scale which has been 
reported as attacking the Ceara rubber, Manihot Glasiomi 

Dactjloptus adomdum is a small scale which has been reported 

Amongst useful species the lac insect , 

secietes both wax and dve the | ar h' ' -latca, which 
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sucking up the sap by means of their proboscis with which they 
have pierced through the young bark. In this position they form 
a sort of cocoon or shell covering by excreting a resinous sub* 
stance. The male cocoon isovoid in shape, the fema'e circular and 
larger* In about 2i months the female and male injects mature* 
The female, however, remains /// situ and throws up round herself a 
larger coating of resin, As the insects occupy positions on the twigs 
in dose juxtaposition to one another, these coats join and this forms 
the lac of commerce. Fig. 313 and 314 show various stages of this 
insect with tranches infested by the scale and the larva pupa and 
moth of one of its predaceous foes the insect Enblemma amabitis . 
There is a very large export of lac from India, and it is a valuable 
minor product of the Indian forest, 

The cochineal insect. Coccus Cacti , was introduced into India in 
*795 hen it was placed upon the indigenous Qpuntia , It thrive# 
very well upon this and has a large commercial value owing to the 
valuable dye it produces. 

The insect known as White Insect Wax, Ceroptastcs ccriferus t is an inhabitant 

LUe htitory of Crfopi&ttj of Central and Soul hern India, It secretes little conical 
ttriftrui. masses of a sweet white waxy substance around it 

(fig* 31 a) and is to be found at times fairly numerous upon pi pal and other trees* 
These white masses are sought for eagerly by jungle tribes, especially children, and 
eaten with relish* The young larvse swarm on the trees from the wax masses in 
February and March in Chota Nagpur, They are tiny orange grubs and feed ftt 
first on the wax excretion. This wax was tried for candle purposes before the days 
of keroline as it was hoped that it would be able to rival the Chinese form, but it 
was found to burn with a smoky flame* 


Useful Hemiftera, 

Tfie family Pentatonudgs contains the soldier-bug, an insect 
which is useful in India, as it destroys caterpillars* The Reduviidx 
are predaceous upon insects and probably destroy numbers of injuri¬ 
ous forms* 1 he Chinese inject wax ( Fulgorid& ) was at one time a 
very valuable insect, as from it a large trade in wax candles sprang 
up, the world’s markets being largely supplied from this source* It 
was thought at one time that the white inject wax {Citoplastes 
ceriferus) of India would be utilisable for the same purpose, but its 
wax proved to burn with too smoky a flame, and the general 
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introduction of keroslue caused the experiments being made with it 
to be given up. Its only use at present is as an article of food 
amongst the villagers. As already mentioned, there are two 
extremely useful insects in the family, The lac insect (/. lacca) 
secretes both a wax and a dye. The insect feeds upon the dhak 
{Buita frondosa), the ber (Zisyphtts jujuba), pipal (Ficus reltgtosa) 
kusum (Schleichera tri/uga), babul (. Acacia arabica), and numerous 
other forest trees, it yields two crops in a year, the lac eacrustings 
the twigs in large deposits, and forming a valuable article of forest 
produce, the world’s supply being exported from India. 

The cochineal ( Coccus cacti ) secretes a \aluable dye. An inferior 
variety in India lives upon the Opuntia (prickly pear). 


168 


Chapter XI. 


Class 5,— Myriapoda. 

In this class the animals differ from insects in having the segments 

o the abdomen of similar size to those of the thorax, and they 

always carry some appendages. The legs are always more than 8 
pairs 1 n number. 

The class is divided into two easily recognisable orders. 


Order i . Chilopoda (Centipedes). 

Number of legs 15—20 pairs, only one pair on a segment; antenna: 
aic composed of 14 or more joints; body flat. The animals may 
be useful as many are insectivorous. They are common in most parts 
of India and may be found crawling about during the daytime. Many 
ive under the bark of trees or in rotting wood. The female produces a 
argc num er of young. In the large Ass^m species shown in fig. 315 a 
as many as 200 young ones were counted with the mother which was 
dug out, with the young ones coiled about her, from a large rotten 
aombax malabaricum log in the Goalpara forests. 

I ig. 3*5 ^ shows the large centipede, Scolopetidra t common in the 


Order 2.— Chilognatha (Millipedes). 

These a.e common animals resembling centipedes, but having an 
indefinite number of lege, most of the segments bearing -2 pairs; 
antennae are composed of only 6 or 7 joints; body is rounded so as 
to be more or less cylindrical instead of fiat as in centipedes. 

1 hese animals live on vegetable matter, chiefly decaying materials. 

They are to be commonly found in Indian forests engaged in this 
way. 

Fig. 316 shows a common Indian Millipede. 
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Chapter XII. 


SYSTEMATIC EXAMINATION OF THE PHYLUM CHORDATA OR 

VERTEBRATA, 

Chordata are characterised by having (i) a dorsal axial skeleton 
which in a few of the lowest, and in the early embryonic stages of all the 
higher vertebrataconsists of a single soft rod, the notochord, but which 
in the majority of vertebrata acquires in the course of development the 
form of a firmly-jointed chain of bones {vertebra) known as the 
vertebral column or backbone; a dorsal nerve-tube consisting of the 

brain and spinal chord, lying to the dorsal side of the axial skeleton 
on backbone, m which it is eventually enclosed ; and also by the fact 
that the anterior part of the alimentary canal i>- modified for breathing 
either gill-clefts and gtlls being present or lungs which arise in t £ 
embryo as paired outgrowths of the gullet. Mo*t vertebrata hav* tkl. 
structure, but it should be noted that there are several low mat-in 
members of the phylum l„ whichsome of these essentials are obscure' 
as, ..g , m Balauoglossus sod the Tuoicates or Sea.sooirts in which 

ootoehoTV’ 31 b ° St °" l> ' repr ' sent ' d ■'« 'he larval stage by the 
notochord: the nervous system is feeoly developed as akn ,? 

sense organs. They are hermaphrodite and reproduction bv h AA‘ * 

also frequently occurs. Other small low veneb tes of v K 

Amph.oxus forms an example, have the dorsal axial / * h ' Ch 

eented by a wei,.developed^*,e n.Lh^d a d be d tal Itf"' 

So;rc o :„,;:,”a^ p i e om thick - wa " ed tubc ' 

These low forms are however nf ™ . ■ C extenor ,n front 

We will now consider the three 

(i) The ekeletoneonsistsof th a ?“ e "' ia,S in d "* n '- 

appendicular skeleton Th I?”* aX ‘ al ske,eton and 

sKcleton. The dorsal axial skeleton consist. 
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of the backbone and skull which have been already de¬ 
scribed in the Introduction, The appendicular skeleton 
consists of the bones of the shoulder girdle and fore-limb 
and the bones of the hip-girdle and hind-limb, These 
have already been considered (see pp. ix, x) in the Intro¬ 
duction. 

(?) The Ne rvous System consists of the brain and sense organs 
and the spinal cord which have been already considered in 
the Introduction. 

13) Respiratory modifications of the anterior end of the ali¬ 
mentary canal may, as already explained, occur; e.g.> in 
fish we have gM-defts and gills, whereas in mammals we 

have lungs. 

The digestive, circulatory, excretory, reproductive system, etc., in 
the Vertebrata conform to the. descriptions given in the Introduction. 


Classification of the Vertebrata. 

The Vertebrata are divided into two divisions depending upon the 
presence or absence of a notochord 

( 1 ) Vertebrata in which the notochord persists, the skull is a 
membranous and cartilaginous bag and no jaws or limbs 
are present. In other respects these Vertebrates resemble 
fishes. The Lampreys are a good example of this division, 
which is a small one. They attach themselves by suction 
to living fish which they devour. They do not occur 
in India and are unimportant. 

(II) Vertebrata in which even if, as is very rarely the case, the 
notochord persists, there is present a backbone and sku * 
jaws, and usually (though not always) two pairs of limbs. 
This is a very large division including the. rest of the 
Vertebrata, which are divided into (i) Fishes, (ii) Amp ' 

(Hi) Reptilia, (iv) Birds, and (v) Mammals, . The Fish, 
Amphibias, and Reptiles are of secondary importance 
here and will be treated cf shortly only, whereas the bir s 
and mammals will be corsidered in greater detail. 
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Class I.—Pisces (Fish). 

In fish (he body is usually compressed and spindle-shaped : head, 
body, and tail pass gradually into each other, the last being very mus¬ 
cular ; there is no neck and the movement of the head is usually very 
limited. The body is covered with a somewhat thin epidermis which 
may contain cells whose secretion imparts to the shin its shining 
character. The dermis often contains c-silications, of which the best 
known are the so-called “scales/' which are in bony plates Ivim* 
in cavities of the dermis, The limbs of lish may be wholly wanting 
or one pair may be absent, but in no case is the number greater than 
m the ordinary vertebrate type-mimely, two pairs. When developed 
however, the limbs o[ fish err very different from those ol other 
Vertebrates cons'sting of expansions of the integument furnished with 

“fins" Thi n • //T 5 °f. r t ,S ’ a " d 11,1,5 c °“ s »t“ting what are called 
lore ! Jh /rih v bS : h,Ch c ° r ">r°ni '« Ihc arms of man and to the 

;; --r 

ar/ what e ^ ^ ■*— - <hem, the/ 

appearance to the others ,re similar 

or ventral, and if near the vent “ n P 3 ' re , d '»f they may be dorsal 

o' the vetebral colon/, called/he ““ " .T/ r " " "" “ t,eoii ‘y 
placed vertically and is the chief Cau .^ a or tail, which is 

J^esjtiration , *££ ** '" * # * h * 

* P f Of. G. B.~Hoiffea~F R S i v ---— n Tall y b y means of gills 

Section at the mo-tin- 0 f 1 •!’ ° P * n,ne address as President of the ZooWv 
terminology in the following *«£! < £ SOCii “‘°" Belfast in , 9 o 3 , objected to this 
«<* « 4 i of the pelvic as ' /ti T t Sptak ° f ' he fi«* - dorsal caudal 

w.rdtmnsloca.ioa as abdominal or IrlfS'"' of f «* 

, •Mceurate and absurd gh a convention of the past ; s 

t ,\ . fin b « ventral, the ventral telir l'T™ h ' tbe futute the 

ts// •> "- - '° r,b .. rr’i 

. a ab aommal 1 pro*6 T OLiai „ , ■ ■ * bo termed 

~* i,h ..- *■ • 
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or branchiae. The arrangement and structure of the gills varies 
considerably in the different orders; it will suffice here to say that the 
gills consist of a single or double series of fiat cartilaginous leaflets 
covered by mucous membrane, richly supplied with blood and arrang¬ 
ed on bony or cartilaginous arches. The branchial arches and 
branchim are suspended in cavities placed on either side of the 
neck, and ordinarily there is only one such cavity on each side. The 
water is taken in at lhe mouth and gets to the branchial chambers by 
means of a series of clefts or slits which perforate the pharynx. 
Having passed over the gills and lost its oxygen, the useless water 
makes its e'cape behind by an aperture, called the 11 gill-slit,” which 
is placed on the side of the neck. The opening of the gill-slit is 
closed in front by a chain of flat bones which form the ''gill-cover” 
and by a membrane which is supported upon a variable number of 
slender, bony spines. Whilst the respiration of fiches is truly aquatic, 
most are nevertheless furnished with an organ which apparently 
corresponds to the lungs of higher Vertebrates. This is known as 
the “ air-bladder " and is a sac filled with gas and situated between 
the alimentary canal and the kidneys. In the majority of fishes this 
bladder simply acts as an adjustable float. 1 he anus or vent may lie 
at the boundary of the trunk and tail, as in all higher \ertebrata, but 
has moved forwards, sometimes even far on to the trunk. The anal 
fin in such cases follows the anus and is usually found close behind it. 
Fish are what is termed cold-blooded animals, i.e., their temperature is 
the same as that of the medium in which they live. Most fish are truly 
oviparous, and the ovaries are familiarly known as l< roe, The male 
organs of reproduction are known as soft " roe.” Some fish retain 
their eggs within ihe body till the young are hatched. 

The fish are of no importance for the purpose of this work, and 
we shall not consider the various orders into which Pisces are divided, 
pig, 317 shows the well-known Mahsee r {Barbus (or) and fig. 3 1 ® 
Clutea ilisha the 'sable-fish' or ‘ hilsa ’ an excellent edible fish 
which swarms up all the larger rivers of India and Burma, generally 
as soon as the monsoon commences. 

Class II.—Amphibia. 

This class ol Vertebrata comprises the frogs, toids, and snake-hke 
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Ccecilians. A few newts occur in India. One, Tylototriton verru¬ 
cosus, first described from Yunnan, was obt lined by the late 
Dr, Bianford and others in Sikkim. In all cases gills or branchiae 
adapted for aquatic rvspiration are present during a part or the whole 
of life j but in all cases true lungs adapted for breathing air are 
ultimately developed, even when the gills are retained through life, 
AH pass through some sort of metamorphosis after being set free from 
the egg. lhe imbs may be absent or there may be only one pair, 
but in no case are they ever converted into fins. When median fins 
are present, as is sometimes the case, they are not furnished with fin 
rays, etc., as in fish. The skull always articulates with, or is jointed 
to, the spinal column by two articular surfaces or condyles. There is a 
common cavity or “cloaca ” which receives not only the termination 
of the intestine (rectum), but also the ducts of the kidneys and of the 
reproductive organs. The skin is soft and glandular, and, as a rule, 
neither horny nor bony structures are developed in it. In the great 
majority of cases the Amphibians commence life as water-breathing 
larvai provided with gills ; but in their adult state they possess two air- 
breathing lungs, the gills sometimes disappearing when the lungs are 
developed, hut being sometimes retained. In most cases, and alwavs 
if retained, the gills are external, placed on the sides of the neck, and 
not contained in a special cavity, thus differing from the gills of 
fishes. The frog (Jfa*ta) which belongs to the Order Anoura, is a 
good example of a typical Amphibian. The larval state is passed 
in the water and the animal is then furnished with a tail and has 
gills. The adult has no tail and breathes wholly by lung-;, and 
through the skin. Both p^irs of limbs are always developed in the full- 
grown animal, and the hind-limbs are enormously developed, being 
considerably longer than the fore-limbs and have the toes webbed, 
whilst those of the fore-limbs are free. The frog swims very power¬ 
fully, and can also take extensive leaps. The skin is soft. The spinal 
column is short; the dorsal vertebrae are very long, and the ribs are 
quite rudimentary. The hones of the fore-arm (radius and ulna) and 
those of the leg (tibia and fibula) are united to form single bones. 
The frogs are distinguished from some other members of the order by 
having a tongue which is fixed to the front of the mouth, and can be pro¬ 
truded at will, while the upper jaw is always armed with teeth. The 
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lungs are comparatively well developed, and as there are no ribs 
by which the cavity of the chest can be expanded, air is taken into the 
lungs by a process resembling swallowing. The skin also plays an 
important part in the ^ration of the blood and the frogs can carry on 
their respiration by means of the skin without the assistance of the 
lungs for a very lengthened period. This, however, does not give cre¬ 
dence to the stories that frogs and toads have been found in closed cavities 
in solid rock, no authenticated instance of such an occurrence being 
known to science. The heart is divided by a septum into two auricles, 
right and left; the latter is the smaller and receives blood from the lungs, 
whilst the right receives the blood from the rest of the body. The ven* 
tricle is undivided. The ova of frogs are deposited in masses or strings 
in water and the \oung are familiar to all as tadpoles. Upon its escape 
from the egg, the young frog presents itself as a little fish-like creature 
with a broad head, a sac-like belly, and a long, compressed tail with 
which its swims actively. It breathes by means of gills of which there 
arc two sets, one external and the other internal. At first there are 
no limbs ; but as development proceeds, the limbs make their appear¬ 
ance - the hind-limbs first and then the fore-legs. The tail, however, 
is still retained as an instrument of progression. Ultimately when the 
limbs are fully developed, and the gills have given place to lungs, 
the tail is absorbed, and the animal now takes to the land as a perfect 
frog. From the above it will he seen that when hatched the tadpole 
has gills like a fish, but has lungs just as the typical fish has an air- 
bladder. Its metamorphosis is essentially a change from a fish to a 
land animal by the loss of the gills and the development of an air- 
bladder into functional lungs. 

The Amphibia are cold-blooded and are of importance since they 
connect the fish with the reptiles and birds on the one hand and 

mammals on the other. .. . 

In India the chief Amphibia met with are the bull-frogs, little 

brown frogs, tree frogs, and toads. The frogs and toads of India are 
classed in six families containing 134 species. Rana tignna {fig. 3 « 9 j 
is a common Indian frog. Tree frogs, of which there arc many Indian 
species, have the tips of their toes and fingers expanded to form 
disc-like suckers for climbing trees. Frogs feed on insects, pro y 
destroying numbers of injurious species, and so are of use in t is way, 
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Bufo melanostictus (fig. 320) is a common Indian toad. The Caecilians 
are only found in India, the Malay countries and Archipelago, the 
Seychelle Tslands, Tropical Africa, and Tropical America. Limbs are 
absent and tail absent or rudimentary ; body is long and worm-like or 
snake-like. These Batrachians are found in damp situations, usually 
in soft mud. The eggs are very large and deposited in a burrow near 
water. The young do not leave the egg-mass until after the loss cf 
the external gills; they then lead an aquatic life. 

Class III. —Reptilia. 

The Reptiles include Crocodiles, Tortoises, Lizards, and Snakes. 
Both Reptiles and Birds have the following characters in common. 
There are never at any period of life gills or branchiae adapted for 
aquatic respiration ; the red corpuscles of the blood are nucleated ; the 
skull articulates with the vertebral column by means of a single 
articulating surface or condyle (knuckle ); each half of the lower jaw 
is composed of several pieces and is jointed to the skull, not directly 
but by the intervention of a special bone, the so-Called “ quadrate 
bone 1 ' (fig. 321). In all Reptiles the blood is cold, i.e,, very little 
warmer than the temperature of the external medium in which they 
live. They are generally covered with scales and never with feathers. 
There is no division between the cavities of the thorax and abdomen 
and the lungs are not connected with air-sacs placed in various parts 
of the body. The limbs may be wanting or rudimentary, but in no 
case are the fore-limbs constructed upon the type of the wing oi 

birds, and in no living Reptiles is there a bone known as the “ tarso- 
metatarsus," 

With the exception of Tortoises and Turtles they are mostly 
of an elongate, cylindrical form, furnished behind with a long tail. 
The tortoise, lizard, and snake form typical examples of the Reptiles. 
The external covering of snakes and Ihards consists of scales, where* 
as in the tortoise and also in the crocodile it consists of horny 
epidermal shields covering bony plates. Snakes have no limbs ordi¬ 
narily and some lizards are also limbless; it should be noted, however 
that some snakes have rudimentary hind-limbs. In the higher members 
of the class there are two pairs of limbs, which may be either adapted 
for walking or swimming, The internal skeleton is highly developed 
and always bony. In all reptilia the lower jaw, whether the separate 
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pieces are united together or not. is jointed to the skull by means of 
the “ quadrate bone ; ” and as this often projects backwards, the 
opening of the mouth is often very extensive. Teeth are generally 
present, but they are chiefly used for holding the prey, and not in 
biting and chewing the fooa. The termination of the intestine 
(rectum) opens into the cavity called the “cloaca," which receives 
also the ducts of the urinary and generative organs, 

Reptiles generally lay eggs, but some snakes, such as the vipers 
and also a few lizards, are viviparous. The egg-shell is usually 
parchment-like, but in other cases contains more or less calcareous 
matter. 

The class is well rep>esented in fossil forms, several orders of 
extinct reptiles being known. 

Order I.—Crocodilia (Crocodiles), 

Crocodiles differ from lizards and snakes (the two following orders) 
and resemble turtles and tortoises (1) in the position of the quadrate 
bone, which is wedged in among the bones of the skull, and (2) in the 
nature of the penis, which is single. They are distinguished from all 
other living reptiles by having the teeth planted in sockets, and {2) 
the heart consists of four quite distinct chambers (instead of three) 
the septum between the ventricles being complete. The halves of the 
jaw are united anteriorly as in the last order. The well-known form of 
the body of the crocodile is adapted for an aquatic life, the enormous 
tail acting as a propeller. The tail, in fact, is the principal organ of 
locomotion ; the limbs being only called into use for clambering into 
and out of the water; the tail is also a powerful weapon of defence 
and attack. The limbs are short; in the fore limbs there are five fingers, 
of which the fourth and fifth are small : the hind-limbs have four toes, 
which in some forms are webbed. The integument con.-ists of bony 
plates formed by ossifications in the true skin, each bony plate being 
covered by a leathery shield of epidermis. In the Indian Crocodilia, the 
bony plates are developed only on the back ; the covering elsewhere 
being leathery. The nostrils, which are large and valvular, the eyes and 
the external ear-openings are placed near the upper surface of the head, 
so that the animal can see and hear, as well as breathe, with its 
body immersed and hidden. The smallness of the cramum and the 
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huge size of the bones of the face and jaws, and the nasal passages 
opening near the tip of the snout, so as to enable the animal to breathe 
with its mouth below water, are characteristic of this order. 

Crocodtlus includes two Indian species, one of which, though 
inhabiting certain rivers, the Ganges, Brahmaputra, Indus, Mahanadi 
(Orissa), and Koladyne (Arakkan), with their tributaries, is very com¬ 
mon in estuaries, and is sometimes seen off shore at sea. Fig. 321 
shows the skull of this crocodile. Gavialis (the gharialj, the ether, 
is found in rivers, marshes, and ponds and is recognizable by its 
long, slender snout* It feeds entirely on fish* 

Order IL—^Chelonia (Tortoises and Turtles). 

There is no mistaking a tortoise* The shell over the back and the 
horn-covered, toothless jaws forming a kind of beak, separate them 
from all other four-footed creatures* Chelonta may be described as 
terrestrial or aquatic reptiles with walking limbs or with paddles* 
The marine paddle-limbed kinds are called Turtles, the others Land 
and Water-Tortoises* The body is enclosed in a bony case or box* 
This box is composed essentially of two pieces, one placed on the 
back and the other on the lower surface of the body, firmly united at 
their edges* The dorsal shield is more or less convex and rounded 
and is called the u carapace/* whilst the ventral shield is more or 
less completely flat or concave, and is called the u plastron/’ Fig. 
324 depicts the upper and lower surfaces of the shell of Platyiternum 
msgacephalum. They are united by their edges, but they have two 
openings, one in front for the head and fore-limbs, and one behind 
for the tail and hind-limbs. Both the carapace and plastron consist 
of bony plates covered by horny shields, and the form and arrange¬ 
ment of the superficial horny shields must not be confused with those 
of the underlying bony plates. All the aquatic forms have the body 
and limbs flattened, the limbs forming swimming paddles, in which 
the separate digits are not always distinguished externally. Some 
of the tortoises are exclusively terrestrial : in these forms the body 
is elevated into a dome-like carapace, and the limbs are club-shaped, 
with all the digits distinct. The head and fore and hind-limbs are 
retractile into the shell. Both eyes, furnished with eyelids, and 
ear-holes are present in the head. In the skeleton it will be seen 

N 
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that the carapace is made up of (i) modified yertetrae, (a) modified 
nbs, (3) marginal bones developed in the skin, which complete the 
margin of the carapace and are ossifications of the true skin. The 
plastron is made up of bony plates, usually nine in number. The 
halves of the lower jaw are united anteriorly, and in the skull there 
are no nasal bones and no teeth. The quadrate bone is wedged in 
and hemmed in on nearly all sides by the neighbouring bones and 
stands nearly vertically, forming a broad articulating surface* The 
marine turtles, with the exception of the edible green turtle, are 
carnivorous as also are most of the fresh-water and semi aquatic 
tortoises : tbe land tortoises, such as Testudo e leg a ns (fig* 323) are 
herbivorous* The Chefonia lay eggs which are either soft-shelled, as 
in the true trutle, or hard-shelled, as in the common mud-tortoise 
(Trionyx hurum f fig. 322] of the Gangetic delta* 

Order III*— Lacertilia (Lizards)* 

In many respects the lizards resemble the snakes, as they have the 
quadrate bones free instead of wedged in among the bones of the head, 
and they also have a double (paired) penis. In the case of the 
limbless lizard the resemblance is most marked. They can be dis¬ 
tinguished by the following two characters: — 

(1) The two halves of the lower jaw are always firmly united by a 

bony suture, whereas in snakes they are loosely connected 
by an elastic ligament and are widely separable. 

(2) Hidden shoulder bones are always present in lizards, but are 

invariably absent in snakes. As a rule, too, lizards are 
distinguished by not having a row of enlarged ventral 
shields, but some snakes want these also* 

Limbless lizards can be distinguished from snakes by the fact 
that they usually have either an external ear-opening or an exposed 
drum, neither of which are ever present in snakes, and also by the fact 
that the tongue in limbless lizards is not retractile into a basal sheath 
as in snakes. Further, lizards, with a few exceptions, have movable 
eyelids which are never present in snakes. Eyelids occur in snakes 
according to Boulenger, but are immovable. They are immovable in a 
few lizards (Scineus), The teeth are firmly fused with the boneft that 
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bear them and are not sunk in sockets. In the shoulder girdle we 
have a collar-bone in addition to the shoulder blade Or coracoid. 
There are usually five toes to the foot (one Indian genus Sitvna has 
four only) and in arboreal forms these and the tail are extremely long. 
The body is usually covered with scales. 

In habits the lizards vary greatly. Almost all are more or less 
insectivorous or carnivorous, and hence for the most part are useful 
to man. Some lizards are noctural, but the majority are diurnal. 
Varanus bengaUnsts, of which the head is shown in fig 327 A lives 
in holes in d r y places. V. salvahr (fig. 327 B), which 'has a peculiar 
snake-like tongue, is found in marshy localities or on trees over- 
hanging rivers ; it enters the water readily. Others inhabit the banks 
of rivers and estuaries and even the sea-shore taking freely to the water 
not only to escape enemies, but to seek their food Consisting of fishes 
and crustaceans I he great majority of lizards, however, live entirely 
on dry land, and of these some never leave the ground; others are 
arboreal such as Cahtes versicolor, a common Indian lizard (fig -i 2 6 \- 
others, such as some of the skinks’burrow into the ground; while 
others as, for instance, some of the geckos frequent human 
inhabitations, and often have the scales of the under-surface of the 
fingers and toes specially modified to form adhesive discs for climbing 
up smooth perpendicular surfaces. Hemidactylus gkadovii (fig o 2 =i 
is the commonest how-gecko of India. Although not much uJd by 
civilised man Jot food, lizards form a part of the food-supply of raanj 
savage and semi-civilised races. } " 

Order IV.—Ophidia (Snakes). 

As already stated, the snakes are closely related to the lizards, from 

w ich, however, they differ (1) in having the two halves of the lower 

jaw loosely united by ligaments and capable of separation; (21 in 

aving no trace of a shoulder-girdle; (3) in having neither movable 
eyelids nor external ear-openings. e movable 

Not only have snakes no trace of a shoulder-girdle, no trace 
therefore of fore-limbs, but the great majority have alfo no traces of a 
pelvic girdle and hmd-limbs. It is only rarely, as in the case of the 
Ind,an python, that rudiments of hind-li are prLnt t £ 
absence of hmbs, snakes crawl on the ends of their ribf. of which the™ 
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are a pair on nearly every vertebra, anti which are not attached to any 
sternum. The skin develops horny scales, with which the body is 
covered, but never bony plates. In locomotion the great belly-scales 
are of great assistance by catching against roughnesses on the surface 
over which the snake is crawling, and thus affording a leverage. 
The looseness and mobility of the jaw-bones, the absence of limb bones, 
and the multiplicity of free ribs form the peculiarities of the skeleton 
of a typical snake. 1 he teeth which, like those of other reptiles, are 
set backwards and arc of use only for seizing and holding prey, and not 
for chewing arc numerous, and are found not only in the jaw-bones, 
but also on the bones of the palate. In the venomous snakes the 
front tooth of the upper jaw on each side is enlarged and deeply 
grooved or “perforated ' along its whole extent, to convey the secretion 
of the poison-gland into the wound inflicted by the tooth. Certain 
snakes which are not poisonous, at least so far as man is concerned, 
have one more of the hindmost teeth in the upper jaw grooved. 
The venom-gland in the poisonous snake lies beneath the eye and is 
to be looked upon as a specially modified salivary gland. Its secretion 
(the venom) is a clear limpid, yellow-coloured, acid liquid, which 
owes its virulence to certain soluble albuminous bodies it contains. 
The poison, if dried at a moderate temperature, or if preserved in 
alcohol or glycerine, will retain its virulence unimpaired for years. A 
wide duct conveys the poisonous secretion from the gland to the 
base of the poison-fang. From its position among the muscles that 
work the lower jaw, the gland is squeezed when the snake forcibly 
contracts these muscles in biting, and the poison is thus ejected along 
the duct and the channelled tooth into the wound. 

Owing to the extreme mobility of the bones of the jaws and palate, 
snakes are able to open the mouth not only in a vertical direction, but 
also in a horizontal one: the gape is thus capable of enormous 
distention, so that a snake can swallow prey of greater diameter than 
itself. The tongue is forked and retractile into a sheath at its base. 

Snakes are all carnivorus and predaceous. The great majority 
live on the ground ; but some live entirely underground, these often 
having the lip of the tail modified ( Uropeltidz ). Others are almost 
exclusively arboreal, and have a long prehensile tail and a colour ia 
which green predominates. A few are confined to fresh water; while 
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a considerable number are exclusively marine. It is doubtful whether 
any snake is of direct benefit to man, while many are in the highest 
degree dangerous to him and his belongings. As regards the question 
of the determination of poisonous snakes, the only reliable way 
of deciding whether a snake is poisonous or not is to secure it and 
look at its teeth, to see whether or not the front pair in the 

upper jaw have the form of enlarged and grooved or perforated 
fangs. 

rhere are nine families of snakes, all of which are represented in 
India; and it may be added that India is the only country in the 
world in which all the families are found, one being peculiar. It will 
be sufficient for our purpose to mention three here. 

Family l.—Coluhridse . 

This is by far the largest family of snakes. One-third of the 
known Indian snakes are coiubrids. It includes a large number of 
arm ess species; a considerable number of species, which, though 
harmless to man, may be able to inflict a bite harmful to small birds 
an mammals; and numerous species, such as cobras, kraits, and sea- 
snakes, which are amongst the most deadly of all poisonous snakes. 

* CoIubr 'd* generally have the top of the head covered with 
, g if ° r head * shleI<ls » a »»d the ventral shields also large 
B * 328 J exce Pt '« the sea-snakes. They are divided into oon- 
poisonous Colubridae of which 140 Indian species are known and 
poisonous Colubridae, of which 39 Indian species are known. 

shJd^?f 0 T S L COlubrid9 Ca " be reco S" ised h y large head 
fiiscata (R ** ^ ° the head ' as shown > D the head of Tropidonotus 
are a |f £0 iS 3 f loreal shieIds ' and hy tht anterior teeth which 
their allies hn * * * ° 0t gr00Vcd * ln Di P sas and Homolopsis and 
are grooved Th**’ °“ ° r m ° r<! ° f the posterior maxii 'ary teeth 
««, a „d are arranVedT.r T *" d " 0t V " y UnCt * uaI ln 

jaw’ <o\ f a gCd (I} in a cIose ‘ set row on each side of the lowe r 
In t»JJ cl0M ‘* et row on e a c h side of the upper jaw : and {*) 

eft by tl» urn! f* 3 palf,te * Conse quently the impression 

colubrine m Kf J * W ^ Case ° f 3 ’"S™ 011 ® bite from « harmless 
ght consist of four long parallel rows of puncture* of 
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nearly equal size,. They may be ground snakes, such as the common, 
large dhaman or rat-snake and the snake Tropidonotus stolaius 
33 °) i or arboreal, such as Dryophis mycterigans % a gentle snake 
often found in bushes (fig. 331) or live in fresh water. 

The poisonous colubriites have the large head shields but no loreal 
shields. They can be at once detected by the arrangement of the 
teeth, As in the harmless (to man) snakes, there are (1) a row of 
close-set teeth along either side of the lower jaw ; and (2) two rows of 
clofe-set teeth down the middle of the palate The form and arrange¬ 
ment of the upper or “ maxillary teeth is different; these are in a 
short row—only at most three or four in number—on either sideband 
the front tooth in each row is distant from the others and is usually 
enormously enlarged* This large tooth is the deeply-grooved or 
perforated poison fang above described* The impression left by the 
upper jaw, then, in the case of a vigorous bite from a typical poison* 
ous colubrine snake would consist of two large punctures made by the 
poison fangs, while far behind each of these large punctures might be 
either a second small puncture^ or a short row of, at most, three small 
punctures, made by the other maxillary teeth, and between these might 
be two longer rows of small punctures mude by the palate teeth* The 
most deadly of the land poisonous colubrines arc the Kraits ( Bungarus , 
and the Cobras {iVaia). The Cobra or Naga {Naia tripudians ) 
shown in fig* 332,1s the best known of the deadly snakes in India. 
The poisonous sea-snakes of the family are all very deadly. About 30 
species occur in Indian seas* 

Family II .— Viperidse (Vipers). 

The Vipers are all poisonous, and the Indian species known as the 
Russel's Viper is one of the most deadly of all snakes. 

Vipers can generally be recognised (1) by the shape of the head, 
which is something like the ace of spades, being almost triangular and 
very sharply constricted from the neck ; (2) by the short blunt tail; and 
(3) by the fact that the head is usually covered, not with large shields, 
but with small scales like those on the upper surface of the body and 
tail; fig* 335 shows the head of Trimeresurus monticola * 

A lew tree vipers have, however, longish tails, and a few others 
have head shields like those of the colubrinee. Vipers can, however, 
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be always recognised by the form of the maxillary bone which is very 
short, can be erected vertically, and carries only one poison fang as in 
Trimeresurus gramineui (fig. 333I* At the base of the poison fang 
there are indeed several reserve fangs to replace the functional fangs 
when broken or lost, but behind it there are no solid teeth as there 
are in most of the poisonous eolubrines. 

Vipers are viviparous and bring forth young alive* One of the 
deadliest of the Vipers is Russell’s Viper, Viper a russellii, shown in 
fig* 334 * 

Family III *—Boiidse (Rock-Snakes, or Pythons)* 

*■ 

This family includes the gigantic rock-snakes, or pythons., the 
Indian species of which are among the largest of all Ophidia. Fig. 329 
shows the head of Python molar us. Pythons have not only a 
rudimentary hip-girdle, but also on each side a rudimentary femur, 
to which is attached a claw, which is externally visible beside the 
vent. They grow to as much as 23 feet in length in the hot moist 
semi-tropical portions of India, about half this length only being 
attained in the hot dry parts of the country. Pythons are fond of 
climbing trees. They feed on birds and mammals, which they seize 
with their teeth and then suffocate by squeezing them in their coils. 

The female python hatches her eggs by coiling herself around 
them. 
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Chapter XIII. 


Class IV.—Avbs (Birds). 

Birds are closely related to the Reptiles, with which they agree in 

having oval nucleated blood-corpuscles and a cloaca terminating the 

alimentary canal, into which the ducts of the genital organs also 
open; they also lay eggs; the skull articulates with the vertebral 
column by one knuckle or condyle, and each half of the lower jaw is 
composed of several pieces and is joined to the skull by means of the 
quadrate bone. Birds differ, however, obviously from Reptiles in their 
warm blood, and in the fact that they are covered with feathers. The 
form of the body is uniform, though the proportions of the head, neck 
and limbs vary somewhat. The trunk is short, plump, and nearly 
inflexible, a large part of its bulk being made up by the large muscles 
which move the wings and arc attached to the sternum or breast-bone 
(f. 337 )* The head is prolonged in front into the beak, which varies 
much in form and length, and usually has the nostrils situated at the base, 
though they may be placed more forwardly as in geese and gulls (f. 336). 
The head is set on the neck at an angle, and llie latter is very long and 
flexible, enabling the bird to reach any part of its body with its bill. 
The till varies greatly; the upper portion may be curved down to 
form the hook in parrots, birds of prey, etc., or the lower one projected 
out as is the Scissor-billed tern, or the tips of the bill may be crossed as 
in the crossbills among the finches. The tail is very short and movable 
only at the base. It may have tong feathers to it. The fore-limbs 
have been modified to serve as supports for the flight feathers. The 
shoulder girdle consists of shoulder blades, coracoids and collar-bones, 
the latter united into an arch called the furcula or “ merry-thought." 
The digits are not visible externally except the thumb, and in flying birds 
the space behind the wrist and the shoulder is occupied by a triangular 
membrane and the whole limb in repose is folded up into a Z-shape, 
with the hand pointing backwards. The hind limbs support the 
body; as a rule the thigh is included in the trunk, though it is free in 
birds of prey. Following this is the chief bone of the leg, the tibia, with 
a small fibula attached to it. The foot usually forms a long shank and 
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' s com P°sed of the tarsus and metatarsus of other vertebrates, called the 
tarso-metatarsus, which is rarely applied to the ground, birds resting and 
moving on the toes only, which never exceed four in number, the first 
of which is generally directed backwards (fig. 338), and is often small 
or wanting. The fourth (outer front) toe may also be turned backwards, 
constituting the paired-tced feet in Parrots, Woodpeckers, etc. The 
skin in birds only contains one gland, the large oil-gland, at the root 
of the tail, the buttery secretion of which is used in lubricating the 
plumage. The skin is covered more or less completely with feathers 
which do not, however, usually grow uniformly from its whole suriace, 
but from certain definite areas, and this may be seen in the young of 
birds whose young do not possess nestling-down. The form, of these 
feather-tracts is of some importance in the classification of birds. The 
b’et are usually covered with scales, either many small ones or compara¬ 
tively few large ones, as in most birds. The ends of the toes are provided 
with horny claws ; and spurs, consisting of a horny sheath over a cone 
of bone, occur on the shanks of some game-birds and on the wings in 
a few other forms, in both cases being used as weapons. Feathers, 
like claws and spurs, are products of the epidermis. A typical feather 
consists of a horny, cylindrical tube, the quill, the continuation of which 
is filled with pith and is grooved, and is called the shaft. The shafts 
bear the webs which form the lateral expansion of the feather. From 
then non conducting nature the feathers serve to main!ain the high 
temperature of the body. 

In a skeleton of a bird the following points should be noticed as 
compared with the skeleton of a reptile:—(i) the large relative size 
of the brain-case in the skull which is set on the neck at an angle; {2) 
great size and width of the sternum which bears ribs on its sides only; 
(3I modification of hand in which the first three fingers only are 
present. In the case of flying birds the skeleton shows (1) the 
presence of a great keel in the sternum, serving as an attachment for 
the powerful muscles which move the wing and furnish the "breast"; 
(2) the fusion of the last few vertebra of the tail into a vertically com* 
pressed plate; (3) the fusion of the collar-bones to form the '* merry* 
thought" ( furcttla ) ; (4) the absence of teeth in the beak ; and (5) the 
hardness and lightness of a bird's bones. 

The digestive system in birds consists of the beak, tongue, gullet, 
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stomach, intestine, and cloaca. There' are no teeth, and the beak is 
employed for holding or tearing the prey, climbing, or as an organ of 
touch, etc. The tongue is hard and horny and is rarely an organ of taste 
[except in parrots where it ls soft) ; it is chit fly used as an organ of 
prehension Salivary glands are present, but they are ol small sue 
and simple structure. 1 he gullet is usually very lone* In the fleth- 
eating and grain-eating birds the gullet is dilated into a pouch which 
is called the crop, and is so situated on the lower part of the neck, just 
in front of the merrythought. The food is detained in it for a longer 
or shorter period before it is submitted to the action of the proper di¬ 
gestive organs. The gullet opens into the stomach, which opens into a 
muscular cavity, called the gizzard, and this opens into the small intes¬ 
tine, 1 he walls of the gizzard may be thin or muscular in the case of 
birds whose hard food requires crushing ; the food in the falter case being 
supplied in small amounts from the crop, just like grain to the crushing 
stones of a mill, The grinding action of the gizzard is further assisted 
by the small pebbles and gravel which, as is well known, so many birds 
swallow. These pebbles take th^ place of teeth and are necessary to 
the bird s health. Birds of prey and many insectivorous birds, including 
the ordinary crow, have a habit of rejecting by the mouth the undiges- 
tible ponior of their prey in the form of a pellet. By examining these 
pellets the kind of insects preyed on by the insectivorous birds can be 
discovered. I he intestine extends from the gizzard to the cloaca and 

is short. The ducts of the generative and urinary organs open into 
the cloaca. 

Respiration is very extensive and active in birds, and this accounts 
for their high blood temperature and is due to the presence, in addition 
to the lungs, of a series of lir-receptacles which are scattered through 
various parts of the body and to the interior of many of their bones, 
these are filled with air in flying birds and are absent in the bones of 
tr sw ic do not fly, as the Penguins. The lungs are two in number, 
a bright red colour and spongy texture, and they differ from those of 
mamma s in not being suspended freely in the body cavity, but are 
a ac e tot c dorsal wall and sunk in interspace? of the ribs. The dia* 
p ragm separating the thoracic and abdominal cavities is not complete 
as in mammals. The heart in all birds consists of four chambers, and 

wo si es are completely separated from one another. As regards 
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the structure of the heart and the great vessels and the course of the 
blood, birds agree with mammals. The heart of birds differs from 
reptiles in consisting of two sides, each composed of an auricle and 
ventricle, the right side being wholly concerned with sending the 
venous blood to the lungs and the left side with sending the arterial 
blood to the body. In all reptiles, on the other hand, the two 
circulations, namely, that through the lungs and that through the body, 
communicate with one another either in the heart itself or close 
by ; so that both lungs and body are supplied with a mixture of 
venous and arterial blood. The urinary organs of birds consist of 
two elongated kidneys, which open by means of their ducts into the 
cloaca into which the termination of the intestine and the ducts of the 
reproductive organs also open. As a general rule, the female bird is 
provided cnly with a single ovary—that on the left side—and all birds 
without exception are oviparous, i.e. t lay eggs. The egg is always 
enclosed in a calcareous shell and is mostly developed, after being laid, 
by the process of incubation or “ brooding,” a process for which birds 
are specially adapted in consequence of their high temperature. The 
young bird, when ready, perforates the shell by means of a temporary 
calcareous excresencc developed upon the point of the upper 
mandible of the bill. In some birds, mostly those which live upon the 
ground, the young arc '* active, ” the young being able to run about and 
look for food as soon as they emerge from the egg, as seen in the 
fowl and duck. In most birds, however, the young are helpless and 
require to be fed by their parents for a longer or shorter time, as in 
the case of the pigeon, cormorant, the common song-birds, etc. In 
this case the birds often build elaborate nests to bring up their young 
in. A rare case is that in which the young are produced as independ¬ 
ent and full-fledged young birds at once. 

As regards their nervous system, the brain of birds is larger in pro 
portion than that of reptiles, but it has not the folds and convolutions 
of the brain of the mammals. The organs of sense, with the exception 
of touch and taste, are well developed, sight being generally acute. 
The eyes in birds arc generally well developed and are always present. 
Eye-lashes are usually absent, but in addition to ordinary upper and 
lower eye-lids, birds possess a third transparent eye-lid which can e 
drawn across the eye. Except in owls, there is no external ear. 
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Flight is performed by all birds by repeated strokes of the wing, and 
some, such as ducks, only progress in this way, while others indulge m 
longer or shorter intervals of sailing or soar mg and this power of 
floating flight is sometimes greatly developed, enabling the bu d to reach 
areat heights, as may be seen in the ordinary Indian Vulture. 

A few words are necessary on the subject of the migrations of 
birds. In temperate and cold climates, only certain birds remain 
constantly in the same region in which they were originally hatched. 
Those which do so are called Resident Birds, examples being the 
common Indian Crows and Mynas. Woodpeckers are also residents, 
although it is probable that some, e.g. t the Himalayan species, may 
shift their quarters at different seasons. Other birds, such as the 
Indian Pitta, migrate from place to place, their movements depending 
on the scarcity or abundance of food in any particular locality. These 
are called partial migrants. Many of the water-birds move about when 
marshes and tanks dry up or are filled in the monsoon. Other birds, 
however, at certain seasons of the year, undertake long journeys, usually 
uniting for this purpose into flocks. These birds are called Migratory 
Birds, and some Indian swallows, quail, snipe, etc., are examples of 
such birds; there are species of each of these, however, who are 
residents. The movements of migratory birds depend apparently 
chiefly on the available food-supply, this being the primary cause of 
the journeys they undertake. 

Insectivorous birds arc of some importance to the forester, and it 
will often be found useful to encourage them in nurseries and plantations 
by setting up artificially prepared nests, such as small boxes on poles, 
or upright hollow bamboos with holes cut in them just above the 
nodes, etc, Fruit-eating birds are also useful since they take into 
their intestines considerable numbers of the seeds of the fruits on which 
they feed, and these seeds being undigested are passed out with other 
refuse. The seed of forest trees may be widely scattered in this 
manner. A good example of this action of birds can be seen in the 
Changa Manga Plantation where the rosy pastor, which assembles in 
enormous flocks to feed on the fruits of the mulberry trees in the 
plantation, has distributed the seed and consequently planted up con¬ 
siderable areas in this manner. On the other hand this bird is a 
serious pest in fields of grain. 
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Certain species of birds have been domesticated for ages by man, 
examples o! which are the common Fowl, Pigeon, Duck, etc., and many 
species are eaten by him. 

The birds more especially characteristic of the Indian or Oriental 
region a'e the Pea-fowl, Jung.‘e-fowl, Babblers, Hombills, and Sun- 
birds, whilst the Broadbills are confined to the Indian region alone. 


Sub-class.—Carinate, 

The Sub-class Carinatae is the only order which will be considered 
here as it includes all Indian birds. The birds in this sub-class vary 
immensely in external structure and habits : all flying birds are included 
here I he keel of the sternum is well developed and the quadrate 
articulates with the skull by two heads. I he males are generally' laigei 
than the females. For our purpose it will be suflicient to considt-r the 
following orders of birds without going funher into the very difficult 
question of the classification of the sub-class. 


Order i.—Passares. 

This is by far the largest group of birds containing more than 5,000 
species; they are usually of small size, the crows being the largest 
forms. The birds agree in having helpless young, naked or nearly so ; 
and a very characteristic foot, with three toes before and one 
behind, the latter with its claw being usually larger than any of the 
front ones f tf fig. 33$). The whole limb is either coarsely scaled or has 
the shank covered in front by a single plate. The rest of the body and 
especially the beak, exhibits great variation in form. The habits of the 
Passerine birds vary greatly, some being insectivorous, and some 
vegetarian, but the majority are mixed feeders; some, like the Shrikes, 
are predaceous and attack small Vertebrates. Most frequent trees 
and bushes, but Urks live on the ground like Gamchtrds. and 
Swall>:is on the wing-like Shifts: the paddle at the 

water's edge, and the Dippers are aquatic, diving under water to obta in 
their food. The nrst similarly varies in position and construction, 
being on trees or bushes, in holes or on the ground ; it is gcnerady 
well made ; and amongst the Passerines the best examples of bird 
architecture are to be found, such as the nests of the tailor and 
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weaver-birds, etc. The eggs are usually coloured or spotted, but may 
be plain, or even pure white. Amongst the birds included here 
are the house and jungle crows (fig. 336), magpies (fig. 337), jays, 
tree-pies, bulbuls(fig. 340), drongoes (king-crowj (fig. 341), mynas 
(fig. 345), and sparrows which feed on a mixed diet; the starlings, of 
which Pastor roseus (fig. 344) is a representative, also belong to this 
gtoup. 1 his latter bird appears in immense flocks in the Changa 
Manga Plantation ia April when the mulberries are ripening and 
feeds upon them. The king-crows (Oranga), wag-tails, tits, thrushes, 
babblers (fig. 339)1 swallows and warblers (hg. 342), which include the 
tailor-bird, are insectivorous, as also the shrikes (fig. 343) which feed 
chiefly on insects but occasionally on small vertebrates, and so may do 
harm. 

The weaver birds belong to the family Plocehix, Ploctus baya, 
the Baya or common weaver bird constructs the well-known hanging 
flask-shaped nests of grass. These are strongly woven, and are 
suspended from a branch of a tree. A peculiar interest attaches to 
these nests as Mr. Perrde, I.F.S., has recorded that they are a source 
of considerable danger in the fire season in Assam (GoJpara), During 
a fire they catch light at the base, the few threads by which they are 
suspended quickly burn through, and the nest then resembles a hie 
baloon and may be blown many hundred yards across cleared fire-lines 
into areas which would be otherwise safe from infection. It is recom¬ 
mended that in such localities all weaver bird nests should be cleared 
from trees on fire lines and closely adjacent to such. 

Order 2.—Pici. 

The woodpeckers are the chief birds of importance in this group. 
They are birds of medium sire with longish, stout, chisel-tipped 
bill, stiff wing, tail, and short legs with toes arranged in pairs, the outer 
or fourth toe being turned backwards with the first which is often 
small. The tongue is long and worm-like, horny and barbed at the 
tip, and is used as a probe and spear for capturing insects in crevices. 
The plumage is often black and white, sometimes olive green or 
blown, with in many cases bright red or yellow tufts on the head, 
etc. The eggs are white, the nest being in a hole hewed out by the 
parents in wood, and the young are hatched naked. They are solitary 
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birds and seldom perch, running on the stems and branches up which 
they climb by a series of hops, pressing their hard tails against the 
baric They feed on wood-boring insects and are thus of great use 
to the forester. The holes they make in trees can be seen in coni¬ 
ferous trees in the Jaunsar-Himilayan forests, a species boring hori¬ 
zontal series of holes all up the stems of the tree. 

Brachypternus aurantius, the golden-backed woodpecker (fig. 
^46), is common in the forests of India. It is a bold, noisy bird, the 
most familiar of the woodpeckers, being often found in the neighbour¬ 
hood of villages on the outskirts of forests. It feeds upon the grubs and 
pupae of the sal pest Hophcirambyx spinicornis in Eastern Bengal 
and Assam. Tiga javanensis is the species which feeds upon the cater¬ 
pillars and pup* of the bee hole-borer of teak (Duomitus ceramicus ). 

Order 3.— Zygodactyli. 

The first and fourth to*s are directed backwards, but the tongue is 
cf ordinary structure and not protrusible. The sternum is much 
broader in proportion to its length than in the Pici. 

The Barbels, including the common green barbet ( Theretceryx 
sey Ionic us, fig. 347) coppersmith, are members of this order. 

Fig, 348 shows the head of the crimson breasted barbet or copper¬ 
smith ( Xantholzma hzmatocephala). 


Order 4.— Anisodactyli. 

Perching birds, of which Ceracias indica {fig. 349 ) is the com ' 
monest species, with short legs, and toes placed three before an 
one behind ; the anterior toes being usually more or less united in a 
common skin ; the bill is always rather large, sometimes very large; 
w j n gs are powerful though short. The young are helpless and nake , 
and the nest is made in a hole, the eggs being white in the majori v 
of cases. Most of these birds live on animal food, the prey. ein S 
captured by sudden darts from the perch, but some eat fruit an 
others search for their food. The rollers and bee-eaters (fij-catchers;, 
,1 /crops virides being the common green Indian bee-eater, ee 
insects, swooping down on them from their perches ; the Hoopoes^ ^ 
on the ground on insects which they probe for with their ong ^ 
Fig. 351 shows the head of Vpupa epops, the European Hoop * . 

habitant of the Himalayas, migrating to the plains of the upper 
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India in the cold weather* The king-fishers are brilliantly plumaged 
birds, for the most part living on rivers and streams, and feeding on 
fish ; one of the commonest of Indian king-fishers, however, Halcyon 
s?Hyrn$H$iSi lives as a rule away from water and feeds upon insects* 
PclftKo&psis f*uri{i! \§ a brown-headed king-fisher common on streams 
and rivers in well-wooded countries. The hornbills feed on fruits and 
on such small animals as they can capture, and rarely descend to the 
ground. The female hornbill before sitting upon her eggs walls herself 
up in her ne^E with mud in a hole in a tree, a slit only being left through 
which the male feeds her —vide fig, 350. There are several species 
in Indian forests, of which Dkhoceros bicornis, shown in the illustra¬ 
tion, is a common one in the country. 

Order 5,—Macrochjres, 

This group comprises the swifts, humming-birds, and night-jars. 
The birds have powerful wings and small weak feet, with three toes 
in front and one behind, the latter in swifts being more or less rever¬ 
sible, They move but little on foot and seek their insect food in 
the air. The gape of the bill is generally very wide, the bill itself 
being very small, except in humming-birds where it is long* The 
young are naked, except in night-jars where thoy are covered with 
fluff, and helpless, and the eggs white, except in night-jars, where they 
are mottled and laid usually two at a time on the ground, without a 
nest being made. Fig. 352 shows ihe head of the common Indian 
night-jar, CapHmulgus asiaiicus* The swifts resemble swallows, 
but may be distinguished by having only ten tail-feathers and very 
different feet, and they do not settle or perch upon the ground, as 

they are only able to cling and crawl. The humming-birds are 
confined to America. 

Order 6,—Coccyges, 

Birds of moderate size and mostly of arboreal habits; the toes are 
in pairs, the fourth, as well as the first, being turned backwards* The 
sexes are usually alike. The cuckoos are the chief birds of this group, 
and they are of world-wide distribution, except in cold climates* In 
temperate regions, including the Himalayas, they are migratory* 

0 
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They have a curved hill of medium length and a more or less wedge- 
shaped tail. Some cuckoos are parasitic, laying their <ggs in the 
rests of other birds; when this has taken place the young cuckoo, 
tis soon as hatched, ejects its bed-fellows by getting under them 
and shouldering them out. The common Indian Kod {Ena’ynamis 
honorata , fig. 354) lays its eggs in the nests of crows which conse¬ 
quently hate it. The Bush Cuckoos, of which the common Crow- 
pheasant {Centropus sinensis) is an example, build a rough nest and 
rear their own young. The eggs of cuckoos vary in colour, and their 
young are naked, or nearly so. A few species feed on various verte¬ 
brates, such as snakes, toads, etc., but the majoritv are insect-feeders. 
The common cuckoo devours hairy caterpillars with impunity, these 
latter being ordinarily left alone by other birds ; these it eats in such 
quantities that its stomach becomes lined with an interior coat of 
fur. The Kod eats fruit only. The Hawk-Cuckoo {Hienococcyx 
varius), so-called from its mimicking the Shikra-Hawk, is the well- 
known “ Brain-fever bird. ” it lays its eggs in the nest of various 
babblers. Fig. 353 depicts the head of this bird. 


Order 7.—Psittaci. 

A large and distinct group, containing the easily recognised 
parrots. The bill is very short and strongly hooked, The toes are 
in pairs, the outer being turned backwards, and they, as well as the 
shanks, are covered with granular sc lies. The tongue is fleshy. 
Parrots are vegetable feeiers, living on gram,-fruits, roots, and honey, 
etc.; they almost invariably nest in holes in trees, etc., generally 
excavated by themselves, no nest being made. The eggs are always 
white, and the young ar- helpless and usually naked. The plumage 
is remarkable for its brilliancy, green being the commonest hue, and 
of great protective value, considering the arboreal habits of the group ; 
for parrots chiefly live in trees, where they clamber about from branch 
to branch, laying hold with’their bill as well as with their feet. 
Some forms feed on the ground. Their flight is powerful and more 
rapid than that of most land birds. They are usually found in -flocks. 
They use the foot as a hand in feeding, being most wasteful 
feeders, and are usually great pests to grain and fruit crops, 
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Palaeornis torquatus, the rose winged paroquet (fig, 355), is the 
commonest of the Indian parrots. It lays about 4 white eggs between 
January and May. ft abounds near towns and villages and cultivated 
land, flying about in large flocks and committing an immense amount 
of damage by pilfering grain and fruit. 


Urder 3.— Striges (Owls). 

The owls which comprise this group are in habits nocturnal. 
They have a hooked bill, and feet armed with powerful talons. The 
plumage is soft and full, and generally mottled drab or chestnut in 
colour; the eyes look forwards and in some are surrounded by a 
disk of bristly feathers, meeting over the bill which is thus partly 
concealed ; the whole face is often surrounded by a ruff. They perch 
w.th the outer toe turned backwards, the hind-toe and claw bein* 

°" ls , ll!0 8 e "" all y have bristle, on Ihe toes, and both these 
a d the shanks arc olten covered with small soft feathers. Owls 

0 [ V ”'" r “' Mrs ' ‘ he h'i-S large and provided with a flap 

whilst on n the°w aS10na TL ^ They atUck and ■"*« ‘heir prey 
the egg being whi”®' ' y ° U " g hlUhcd h ' l P>'« and downy, 

In all countries owls have been looked upon with acen.i. , 

Of superstitious dread and aversion, doubtless due to rh " ? m ° 

res T g 

injurious insects, and in this way do IntaknUbUg“d’"’'' 8 a " d 

TJ; s- - ** 

■«"g grass and is often seen when su^el, 1 LZ2 " 

The Birds r: 9 ~ ACC1P,TRBS (Birds ol Prey). 

by their powerful'h^eThil'raid hfh' P *" H*”' 3 ’ distin Buishm<J 
least connected at the base bv a ».k i’''" 8 th ' out " l «« at 

y a web. They are usually of large or 
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at !ea^t moderate size, and never display brilliant colours* The sexes 
are similar* but the plumage of the adults differs from the first feathers 
of the young. Th'* latter are help ess nestlings clothed with down 
and are attended carefully by both parents* The nest is built on the 
ground, on trees, or on rocks, and the eg^s are cither spotted with 
red or are plain white* The Birds of Prey are essentially carnivor¬ 
ous and ss a whole are exceedingly useful, either as scavengers or 
as destroyers of vermin anti insects. They occasionally do harm by 
attacking game, poultry, and young domestic mammals* The group 
includes the Vultures, Eagles, Kites Hawks, and Falcons* Gyps 
indicia is the common long billed vulture. Fig. 357 shows the head 
of GvPd' thS bctrbatus. the bearded vulture of North Indian mountain 
ranges. Atjutla vindhiann, the Indian tawny eagle (fig. 35 °)i ,s a 
common species to be seen beating over woods and fields for small 
vertebrates ot feeding upon a carcase, .\filvus govinda (fig. 359) is 
the common pariah kite, one of the most useful scavengers in the 
country. There are numerous Indian harriers, hawks, and falcons; 
the head of Fako jugg<? r is depicted in fig. 360, 

Or[jER 10.—COLL'MB.€ (Pigeons and Doves). 

The pigeons comprising this group are easily recognised by their 
small heads provided with a weak hill, soft and lleshy at the base, 
rather long necks and heavy bodies clothed in hard, close powdery 
plumage most commonly grey, dun, or green in colour. The legs are 
rather short, and the hind-toe wet! developed; there is no web 
between the front toc-s ; the wings are powerful and the flight strong. 
The sexes are similar, and the young resemble the adults when 
fledged I he eggs never exceed two in number and are white. 
They are usually deposited in a rough open nest oi sticks placed in 
a tree. The young are helpless and naked and are fed by both 
parents. Both sexes incubate and relieve each other at regular 
intervals. They are vegetarian feeders and are often very destructive 
to crops when they feed on seeds and grain ; but many species m.e 
on fruit, and these hardly ever leave the trees. Pigeons are more 0r 
W p-efrarious. The group includes the ordinary pigeons which fee 
oTthe ground and roost in trees, the big imperial pigeon and green 
pigeon and the doves and all form good tood for man. 
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Chakophaps indie a (fig;. 362 ) fs the beautiful bronze winged dove 
found only in forests and damp thickly wooded parts of the country. 
It is generally solitary, is not shy, and can be found upon forest-paths 
feeding upon berries and seeds, Cohtmba intermedia is the pigeon 
known as the blue-rock common in many parts of the country. It 
builds its nest in inaccessible cliffs. It is an excellent game-bird and 
is the originator of all pigeons. Turur snratensis (fig. 361) is Ihe 
Common spotted dove of the country. 


URDER ll.—CjALLlN.fi (Game-birds). 

The game-birds comprise this group and are easily known by 
their small heads, with short, curved beak, heavy bodies, short, rounded 
Wings, and powerful feet, with three foes before and one behind, 
the front toes being webbed at the base, and the whole foot coarsely 

M ‘A- " feed / n e ^ are omnivorous, though partially vegetarian ; 

. flight is heavy, and they seldom fly far; as a rule they pass 
most of their time on the ground, scratching amongst earth and 
ves for their food, They are exceptional amongst birds in being 
often polygamous, and the males are often very pugnacious; the nest 
is very rough, and the numerous eggs, either plain or spotted • the 
downy young run at once on hatching out from the eggs. Game-birds 

irj ::zz thc mM ^ «*■ *—is 

Grouse, with feathered legs and toes, arc otherwise like Pea-fowl 
the St' Jung, ?; { ° W J’ Partrid g es * Q«ail, which have bare leg* bu’t 

t J teZrf ab ° Ve the le ™ 1 of ^ other toes.^ The 

sexes are often dissimilar, and when this is the cat* ft,„ ■ . 

usually polygamous. |„ such f orms j j ^ CCICS ls 

S P U« on ,ha shanks, and these are used lor fighting! *" 

ttJZfeX h l “ d "" common JWW 

1 & j jJ Keeping to open country, 

living in amad^parUes'and " ,tal " it “ » forest-loving bird, 

morning and even ini' | n comin£ ° ut lnto cultivation to feed in the 

Pheasants are Ky ‘ „C , t “ h KelJ “ The 

- y confined to the m ountains, such beantilnl 
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species as the Argus, Polyplectron, the Cheer pheasant ( Catreui 
KOitichi, fig. 364), Koklas, the Kaiig pheasants (fig. 3(15), etc., being 
well known. Gallus fcrrugineus is the red jungle-fowl of India, a 
grey species, G. sonncrati, being found in the western and southern 
parts of the country. Cottirnix or quails are also plentiful, as are the 
partridges [Franco/inus), such as the Chukor, Scsscc, black, painted, 
and grey (fig. 36(1), etc. 

1 he Mcgapodes, which belong to a sub-order, resemble small 
turkeys in appearance, and their breeding arrangements are curious, 
as tin y lay their eggs and bury them in a mound of rubbish and leave 
tb em to hatch out in a similar manner to reptiles. The young emerge 
as full-fledged birds, able to run and fly almost immediately. Most 
of these Megapodes inhabit Australia, one species, however, being an 
inhabitant of the Nicobar;. 

Order 12.—Grall/e (Rails, Cranes, Bustards). 

This order resembles in some respects the Anisodactyli, The 
legs arc long and part of the tibia is bare, the hind-toe when present 
being bare. The young in most (except in Holiornis) are hatched 
covered with down and arc able to run almost immediately. They 
all lay double-spotted eggs, i.c one set of spots dark and distinct and 
the other purplish or grey and indistinct. 

The rails, corn-crake;, and coots have numerous representatives in 
India. 1 hey are marsh birds in general living amongst reeds or grass. 
The food is chiefly vegetable. Rallus tndicus (fig. 3 ^ 7 ) ’ s the 
common Indian water-rail- Grits communis is the common crane 
found in the northern hall of India in the cold weather. Anthropoidrs 
virgo is the well-known demoiselle crane (fig, 3(38). The bustards 
and fiorLaus also belong to this order. 

Order 13.—Limiccite (Plovers, Snipe, Curlew, etc,). 

The bill varies greatly, but is usually slender, and the nostril is 
situated in a groove or depression on one side. The tibia is generally 
naked for some distance above the tibio-tarsal joint. 1 he wings 
are as a rule long, the birds being strong fliers. Many are migratory. 
Plovers are common in India. Ch r sort its coromandeheus (fig* 309) 
is the brownish black bird seen running quickly about in sma 
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parties on - open sandy or stony ground. Curlews, of which there 
are two;Indian species, arc birds with long curved bills frequenting the 
sea-shore or tidal estuaries. Sand-pipers, godivits, wood-cock, and 
snipe (fig. 370) belong to this family. 

Note.— The pulls and terns, belonging to the Order Gavix, will not be con¬ 
sidered here. They are wafer and marsh birds. 

Order 14. — Steganopodfs (Pelicans, Cormorants, etc.). 

Large birds or of medium size which are at once distinguishable 
by having all the four toes webbed together, though the first is 
directed backwards or sideways and is of use in perching in the 
ordinary way. I he legs are always short, but the general form and 
that of the bill varies considerably ; the latter has the nostrils almost 
obliterated in the adult. These birds live by fishing, pursuing their 
prey, however, in different ways; they usually build nests tor the 
reception of tbeir young, which are helpless nestlings, naked at first, but 
acquiring down before their regular feathers. The eggs are few and 
usually unspotted and covered with a peculiar chalky coating, i he 
sexes are similar, but the young in first plumage are very different. 
The birds fly well and perch on trees mere than other water-fowl, the 
large hind-toe enabling them to grrsp the brat cites. The Indian 
members of the group mostly build in trees. On account of the great 
destruction of fish effected by these birds they are somewhat injurious, 
although the young are used as food in many countries. The Pelicans 
are large birds with a pouch ©n the under-side of the lower beak. 
They are found on marshe®, backwaters, or on the sea, and feed 
entirely on fish. 1 he cormorants and snake-birds are the most familiar 
birds of this group and feed by diving, swimming very low in the w ater. 
Pig- 37 * shows the head of Pholacrotorax Javanicus, the little 
cormorant which is common throughout India. 

Note—The Petrels (Order Tubinaru) will not be considered here. 

ORDM 15.-HEROOIONBS (Ibises, Spoonbills, Storks, Herons, and 

Bitterns). 

This comprises a number of usually large wading birds resembling 
Cranes and Lmucolse m having long legs with usually more or leu 
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of the tibia bare above the back, of slight build with powerful beaks 
and well-developed hind-toes. They perch a ^reat deal and usually 
build in communities in trees* the eggs being few and usually spotless 
and thr young helpless though downy, and are fed by the parents. 
The sexes in adults resemble one another, though they may have a 
special breeding plumage, but the young* when first fledged, are 
very different from tfie parents. Hirds of this group are found all 
over the world, though they are more numerous in hot climates; 
they are carnivorous, especially devouring fish and are themselves 
seldom used as food. They are far less active on their feet than other 
waders, though excellent fliers. The Ibises, with more or less bald 
heads, build nests in trees and lay plain blue or spotted eggs. The 
Herons, Bittern^, and Egrets are birds varying in size from that of a 
crane to that of a myna, but all display a general similarity of build 
and habits. These birds perch freely, walk but little, often watching 
for their prey for a long time together, and draw their necks in when 
flving. They are dangerous to handle when wounded, as they aim 
at the eye of the aggressor when darting out the beak to attack* A 
distinct and* handsome breeding adornment of ornamental plumes is 
often developed, and the white filmy ones of the egrets are much 
valued, being known as il Osprey/’ Most of the Indian Herons are 
resident in the country, and one of them, the paddy-bird, is the 
commonest bird in the country, The eggs of herons are sea-green or 
white, without spots, and the nest is usually placed in trees or rushes. 
Ardea tinerea \% the common heron, shown with young in fig* 37 2 * 
Bubulcus coromandus , the cattle egret, commonly known as the 
1 paddy*bird 1 (fig. 373), is a constant attendant on cattle and feeds 
mainly on insects attracted by cattle, and on grasshoppers. 

Note.—The common flamingo to be found in salt marshes in Sind f Rajputana, 
belongs to the Order Phanicopteri. 

Order i6.—Anseres (Ducks, Geese, and Swans), 

The three anterior toes are united by webs extending to the ends 
of the digits; the hind-toe is always present, but is short and 
articulated to the tarsus higher up than the other toes. The bi 
is more or less depressed ard flattened. The tongue is large an 
fleshy. All the species are monogamous, and the majority bm res e 



f>L* ft WNH. 



371. Head op the littlh Cormorant ( VktUtrocer ** Javani «j) J, 
372* The Common Heron {Ardda cintrta } and voumo. 

373» Head of the Cattle Egret {Bm&Mtcms caromaniut). 

374. Head op the Bar redheaded Goose { Ans/r tudicn iV 


fi 





























A MANUAL OF ELEMENTARY FOREST ZOOLOGY. 


301 


of grass and rushes on the ground; the eggs are numerous, white, 
buff, cream, or pale green ill colour. The young are hatched covered 
with down and are able to run or swim at once. The swans and 
geese are common. Fig- 374 shows Anscr mdtcus t the Barred- 
headed Goose. The ducks and teal are very numerous. Casarea 
ruttla is the Brahminy duck. The Order Pygopodes contains the 
Grebes, 
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Chapter XIV. 


Class V.—Mammalia (Mammals). 

The Mammalia include .all the ordinary quadrupeds and maybe 
shortly defined as comprising vertebrate animals in which some part 
or other of the skin is always provided with hair, and the young are 
nourished fora longer or shorter time by means of a special fluid— 
the milk—secreted by special glands called the mammary glands. 
These two peculiarities are of themselves sufficient to separate the 
mammals from all other classes of the vertebrates, In addition the 
following points should be carefully noted :— 

(i) The skull is united with the spinal column by means of two 
articulating surfaces or condyles instead of one as in the 
Reptiles and Birds. 

{ 2 ) The lower jaw consists of two halves, each composed of a 
single piece, and united in front. The lower jaw also 
is always jointed directly to the skull, and there is no 
quadrate bone. 

( 3 ) The heart consists—as in birds—of four distinct chambers, 

two auricles and two ventricles. The right and left sides 
of the heart are completely' separated from one another, 
and there is never any direct communication between 
the blood sent to the lung* and that sent to the body. 
The red corpuscles of the blood are, generally, in the 
form of circular discs, and they never contain a nucleus. 

( 4 ) The cavities of the chest (thorax) and abdomen are 

separated from one another by a muscular partition 
which is called the diaphragm and is the chief agent 
in respiration. 

( 5 ) The respiratory organs are in the form of two lungs, placed 

in the chest, and never communicating with air recep¬ 
tacles situated in different parts of the body. In no 
case, and at no period of life, arc gills present. 

We have already considered the skeleton of a mammal in the 
Introduction and when describing vertebrates generally. It should 
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be borne in mind that the spinal column is divisible with few excep¬ 
tions into the same regions as that of man, The divisions are_ 

(1) The neck in which the number of vertebrse are nearly 

always seven in spite of the great difference observable 

in the length of the neck, e.g, t in the giraffe and whale, 

( 2 ) The back or dorsal region in which the vertebra are 

usually thirteen in number and may be more. 

( 3 ) The loins or lumbar region having usually six or seven 

vertebrae and rarely less than four. 

( 4 ) The sacral region in which the vertebrae are usually 

amalgamated to form a single bone. 

( 5 ) The tail or caudal region in which the vertebrae vary from 

four to forty-five and are usually freely movable upon 

one another. 

It should be noted further that the thoracic cavity is always 
enclosed with ribs, the number of which varies with the number of 
dorsal vertebrae. 

The fore-limbs are never wanting, but the hind-limbs are absent 
in some mammals, as, for example, in the Cetaceans and Sirenians. 

Teeth are present in the majority of the animals, but are absent in 
Echidna, some whales, etc., and they are horny in the Duck-moles. 
In most other mammals (Echidna have no enamel) the teeth have 
their ordinary structure of dentine, enamel, and cement, these elements 
being variously disposed, the enamel being occasionally absent. 
The teeth are planted in distinct sockets, Many mammals have only 
a single set of teeth throughout life. In most cases, however the first 
set of teeth, the milk or deciduous teeth, is replaced in the course 
of growth by a second set of M permanent ” teeth. No mammal has 
ever more than these two sets. Two parts may be distinguished in a 
tooth, the crown and the root. The root is the lower, usually 
narrower, part and is often split into several branches; it is destitute 
of enamel, but is covered with cement. The upper part is the crown 
and is enamelled, and is usually clearly demarcated from the root 
by a constriction. The teeth are divided into incisors, canines, 
premolars, and molars; the incisors are usually preceded by the 
milk-teeth in a young mammal and are those which are implanted 
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in the premaxillary bones and in the corresponding part of the 
lower jaw. The tooth in the maxillary bone, which is Situated 
at or near to the suiure with the premaxillary, is the “'canine, 
as is also that tooth in the lower jaw which, in opposing it, passes 
front of its crown when the mouth is closed ; the teeth behind the 
canines are the premolars and molars All these different kinds of 
teeth are not necessarily present, and as the teeth are important in 
separating the main orders of mammals from one another, their num¬ 
ber is expressed by a dental formula; e.g. t the dental formula of a 
ruminant animal such as a sheep would be — 


■ 

1. 


0—0 

3—3’ 



3—3. 

1 

3-3 


3— 3 
wi, 3-3 



!*., c., pm., and m. represent the incisors, canines, premolars, and 
molars. The explanation is that the sheep has 32 teeth, as follows 
the short dashes between the figures indicate the teeth on two sides 
of the mouth, the upper line of figures represents the upper jaw ; the 
lower line, the lower jaw. From the formula we see that the upper 
incisors and canines are wanting, and there are three premolars and 
three molars on each side of the upper jaw. In the lower jaw there 
are six incisors, two canines, and the same number of premolars and 
molars as in the upper jaw. 

In the Introduction we have already considered the digestive 
nervous, etc., systems of a mammal. 


Classification of Mammals. 

It will be sufficient for our purpose here to divide the Mammalia, 
in accordance with the way the young are developed, into the 
Oviparous Mammals, in which the young are not bom alive but 
produced as eggs, and the Viviporous Mammals in which the young 
are born alive; these latter are divided into non-placental and 
placental mammals, 

1 '“-Oviparous Mammals. 

These mammals are supposed to connect certain extinct reptiles, 
which are said to have condyles resembling those of mammals, with 
Mammalia. The young are not born alive as is usual in mammals 
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but are laid as eggs. Nevertheless, the animals are genuine mammals 
as they are provided with hair and mammary glands; the nature of 
their blood and the structure of their lower jaw also include them in 
the class. On the other hand, they resemble amphibia, reptiles, and 
birds, in that the intestine terminates in a cloaca, and in the impor¬ 
tant point that they produce their young in the form of eggs which 
have a leathery shell. 

Order i.—Montremata. 

This order is important for our purpose. It contains the queer 
otter-like animals known as Ornithorhynchus (Duck-moles) and the 
Echidna on spiny Ant-eaters, both inhabitants of Australia, 

II.— Vivip&} ous Mammals. 

In the viviparous mammals the egg-shell is always absent, and the 
ovum is of small size. The young are born alive. 

(<j) Non-placental Mammals.—\n these, although the young are 
born alive, they are in such an imperfect state that the female is provided 
with an abdominal pouch or marsupium in which the teats are situated 
and in which the young are taken about in safety. This arrangement 
also enables the mother to fix the young on to the teats, they being 
quite unable to suck without this aid, and they remain unavoidably fixed 
in this position for some time. 

Order 2 .— MarsUpiALIA (Marsupials or Pouched Animals), 

The leading characteristic of this order is the absence of a true 
placenta (nutritious apparatus), and the embryo is born in a very 
immature state as described above. The living animals comprised 
in this order are confined to Australia and America and are of little 
importance to the Indian forester. 

They consist of vegetable-eaters, such as the Kangaroo and 
carnivorous animals, as, c.g t) the Bandicoots and American Opossums. 

In the Kangaroos (Macropodidae) the hind-legs are far longer 
and stronger than the fore, and with them, assisted by a powerful tail, 
the animal can perform long jumps. The canine teeth arc small or 
absent, and there is only one incisor on either side of the lower jaw, 
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the molars having broad grinding crowns. The Phalangers, or so- 
called Australian “ Opossum 11 are vegetable-eaters and live in trees. 

The Bandicoots and true Opossums, the latter living in America, 
are carnivorous. They both have at least three small incisors on 
each side of the lower jaw. The canines are larger than the 
incisors. The Bandicoots (Peramcles) are little rabbit-like Australian 
animals which live on insects and seem to fill the place held in the 
Old World by the Hedgehogs and Shrew-mice. The Opossums are 
all of small size with prehensile tails, and they mostly live 'in trees. 
They are confined to America. 

(A) Placental Mammals. —'The young are brought forth alive. 
They are nourished for a time within the body of the mother by 
means of a structure, called the placenta,” through which the 
nutrient materials of the mother’s blood reach the young. Thus, when 
born, the young are capable of sucking their milk by their own 
exertions. All the higher animals are included here. 


Order j.—Edentata. 

The order is characterised by the absence of teeth in the front 
of the jaw. In some, as in the case of the Indian forms, teeth are 
entirely wanting; when they are present, they are rootless, destitute 
of enamel, and similar to each other in shape, and with one exception 
there are no milk-teeth. They are all terrestrial or arboreal and 
resemble ordinary mammals in external form. They chiefly live in 
South America, The existing members of the order readily group 
themselves into five families —Bradypodidm or Sloths ; Myrmecopha - 
gid& or Ant-eaters; Dasypodidm or Armadillos ; Mantdm, Pan¬ 
golins or scaly Ant-eaters; and Oryeteropodidm , Aard-baiks or 
African Ant-eaters. The Sloths are exclusively confined to South 
America, inhabiting the vast primeval forests of that continent. 
They spend their lives in trees, their feet being provided with ex¬ 
tremely long, curved daws. The Armadillos are also confined to 
South America, They are burrowing animals, furnished with strong 
digging-claws and well-developed collar-bones. The upper surface 
of the body is covered with a coat-of-mail formed of hard, bony plates 
or shields, united at their edges. This shield is also present on the 
head and shoulders in two separate portions, and the animals are often 



208 


A MANUAL OF ELEMENTARY FOREST ZOOLOGY. 


able to roll themselves up in a ball like a hedgehog when attacked, 
the whole of the exterior surface consisting then of the scalv armour. 

The scaly Ant-eaters or Pangolins are exclusively confined to 
Asia and Africa. In them the body and tail are covered with flexible 
armour, composed of long plates or scales, overlapping like the 
tiles of a roof. They are borrowers and live entirely on ants and 
termites, the long extensile tongue being used for the capture of the 
insects. They roll themselves into a ball for defence and exhibit an 
enormous muscular power that defies any ordinary effort to unroll 
them. Owing to their scales they are often alluded to by natives as 
Banrohu (jungle carp]. Fig. 375 shows Manis javanica, the Malay 
pangolin. 


Order 4.—Sirenia. 

This order comprises only certain large marine mammals, known 
as Dugongs and Manatees. They agree with the next order, the 
Whales, in having the body adapted for an aquatic life, especially in 
the facts that the anterior limbs are converted into swimming paddles; 
the hind-limbs are wholly wanting, and the hinder end of the body forms 
a powerful caudal fin which is placed so as to strike the water hori¬ 
zontally and not vertically as in fishes. They differ from the Cetacea 
(Whales) in having the nostrils placed at the anterior part of the head 
and in having molar teeth with flat crowns adapted for vegetable 
food. Fleshy lips are present, the upper usually with a moustache, and 
the skin is covered with scanty bristles. There is a distinct neck. 
Dugongs live in the sea and feed on sea weeds. They are to be found 
off the coasts of the Indian Ocean and the north coast of Australia, 
and often attain a length of »8—20 feet. Fig. 376 shows the Haticore 
duoong, the common species of the Indian Ocean, Manatees live at 
the mouths of rivers and estuaries. They are found on the east coast 
of America and on the west coast of Africa. 


Order 5,— Cetacea (Whales, etc.). 

This order comprises the Whales, Dolphins, and Porpoises, and it 
is characterised by the complete adaptation of its members to a watery 
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life. The body is completely fisWike in form, the forc-hmbs are con¬ 
verted into swimming paddles, and the hind-limbs are complete y \van 
ing; whilst the hinder end of the body forms an extremely P owe " u 
horizontal caudal fin. There is sometimes a dorsal tin as well. ic 
nostrils may be single or double, but are always placed on the top ot 
the head constituting the “ blow-hole." Very few hairs are present. 
The head is large as compared to the body, and there is rarely a nec . 
The adult either has no teeth, or, if present, has only a single set, 
which are always conical in shape and are not divisible into d'stmc 
groups. All true Cetacea are carnivorous, living upon animal food. 
The most important of the Cetacea are the whalebone whales (Bills- 
nids) in which the adult is destitute of teeth, the place being taken bv 
a series of transverse plates of whalebone which serve as a filter to 
separate from the sea-water the minute molluscs and crustaceans on 
which these enormous animals live. Whalebone and the whale-oil of 
commerce are obtained from these whales. Though an inhabitant of 


the sea, the whale is obliged to come to the surface to breathe, 
and in doing so it ejects from the blow-hole what looks like a 
column of water. The apparent jet of water is simply due to the 
condensation of the moisture which is contained in the expelled 
air. The Sperm Whale, Physeter tnacroccphalus (fig, 379), is a 
toothed whale, having numerous conical teeth in the lower jaw and 
a single blow-hole. The Dolphins and Porpoises (Dolphinids) have 
numerous conical teeth in both jaws, and the nostrils open by a 
single aperture on the top of the head. The porpoises are exclusively 
marine, and occur in all seas. Fig. 378 shows the large Indian 
porpoise {Orcella brevirostris) . The dolphins are mostly inhabit¬ 
ants of the sea, but there are fresh-water forms in Southern America 
and Southern Asia. The ‘ Susii,' Platanista gangetica {fig, 377), is 
the common dolphin of the Ganges, Brahmaputra, and the Indus. 


Order 6 .— Ungulata (Hoofed Quadrupeds). 

This order is often spoken of as that of the hoofed quadrupeds, 
and is one of the largest and most important of the orders of Mammalia. 
It includes the Hippopotami and their allies, pigs, camels, deer, 
antelopes and goats, oxen, sheep, tapirs and rhinoceroses and horses, 
and a vast number of extinct animals. The Hyraces and elephants 
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are also included in the order. The order is characterised by having 
the portion of the toe which touches the ground encased in a greatly 
expanded nail or hoof. There are never more than four full-sized toes 
to each bg t and owing to the presence of hoofs, the limbs are useless 
for grasping and are only of use in locomotion and in supporting the 
weight of the body. There are always t-wo sets of teeth, and the molars 
have broad crowns adapted for grinding vegetable substances. 

The whole order may be divided into the Ungulata Vera, contain¬ 
ing the Sub-orders PERlSSODACTVLA and As IIODACTYlA, and a 
heterogenous assemblage of animals called SUBUNGULATA. 

Ungulata Vera. 

In the typical Ungulata the feet are never plantigrade, and the 
functional toes do not exceed four. 

Sub-order,—Artiodactyla. 

This sub-order differs from the Perissodactyla in having the pre- 
molar and molar teeth usually not alike, the former being single and 
the latter two-lobed, the last molar being almost invariably three- 
lobed, The two median digits (3rd and 4th) are equal in size. 

Suina. 

Pattern of molar teeth not arranged in crescents. Upper incisors 
are present. The animals are not ruminant. 

Family.— Hippopotamidx (Hippopotamus). 

The Hippopotttmidss or Hippopotamuses form a small group of 
massive thick-skinned Ungulates, with four-toed feet, The common 
Hippopotamus inhabits all the gr at rivers of Africa, living upon 
plants and swimming and diving with great facidty. The molar teeth 
have flat crowns; the canines are very large, and the lower ones form 
enormous tusks, with a chisel-shaped edge and form the principal 
weapons by which the animal defends itself. 

Family.— Suids (Pigs). 

The Sutdx or pigs have usually four toes to each foot, though 
sometimes the hind feet have only three toes All the toes are hoofed, 
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but it is only two which support the weight of the body, the remaining 
toe or toes being placed at some elevation on the back of the foot. 
The snout is truncated and cylindrical, and is capable of extensive 
movement. The tail Is very short, The moWrand premolar teeth have 
tuberculated crowns. The pigs are miscellaneous feeders. The most 
important and best known is the wild boar [Sus scro/a) from which 
most of our domestic pigs are descended. 

1 he usefulness or otherwise of the pig to the forester depends in a 
great measure on the elevation at which it is living. Thus in the coni¬ 
ferous forests In the Himalayan region the animal is probably of consi¬ 
derable use, as in its search for seeds, roots, etc., it ploughs through the 
thick, matty mass of needles and seedlings present in these forest^ and 
this exposes the soil and enables the seeds to germinate, Thus, in valu¬ 
able coniferous forests the harm it does by destroying young seed¬ 
ling?, etc., is probably more than counterbalanced by the good done 
in assisting regeneration, la the plains, however, where this necessity 
does not exist, pigs must be looked upon as the enemy of the forester 
owing to the damage they are capable of doing in plantations, nurseries, 
and to the large amount of seeds, etc,, consumed by them, They 
are also particularly harmful to crops, 

Nora, The Peccaries (Family Dicotytida) are pig*like animals with a snout ai In 
Suttte. They are confined to the New WoildL 


Tytopoda , 

Includes the Camels of the Old World and the Llamas of South 
Amcnea. The premaxitla has the full number of incisor teeth when 
young, the outermost only being persistent in the older stages of life 
Canines are present in both jaws. The hinder part of fhe body hi 

bc;ng iong ang ver,:ca,iy 


Family.— Camelidgg (Camels). 
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in the upper one only) is conical in shape, and is placed at some 
distance in front of the olher back teeth. The foot consists of only 
two toes, covered with imperfect nail-like hoofs, and destitute of the 
two supplementary toes. I lie soles of the feet are covered with a 
callous, horny integument upon which the animal walks. In the 
camels the toes are conjoined below by a callous pad, and the back 
is furnished with one or two fleshy humps. The Arabian Camel or 
Dromedary has only one hump. Camels live in dry situations, and 
they are specially adapted to this by possessing a number of large 
cells in the paunch, in which a great quantity of water can be stored up, 
thus enabling the animal to travel for days without drinking. 
They are of considerable use as transport animals. The Ltama has 
no hump and separate toes, and takes the place of camels in South 
America, there being no camels in the New World. 


Tragulina, 

No teeth in the premaxilla;; the upper canines are well developed, 
especially in the males ; narrow and pointed. Four complete toes on 
each foot. Ruminating, but the stomach with only three compartments 
instead of four as is also the case in camels (vide supra). Nt> horns. 
Dental formula :— 


o I—[ 

6 iC '~i' pm 


3 Z 13 

3-3 


m. 


3—3 

3—3 


FAMILV. —Tragulidee (Chevrotians or Mouse Deer). 

The Tragulidse or Chevrotians are small animals with slender 
limbs and high hind quarters, resembling Musk Deer, but have no 
horns, while the canine teeth are developed in both jaws, and the 
upper canines of the males are tusk-tike. They are found in India, 
inhabiting forests, the Indian Archipelago, and Africa. Tragulus 
meminna (fig. 380) is the Indian Chevrotian or Mouse Deer, 


Pecora. 

The typicai Ruminants are distinguished by several well marked 
characters, of which the following are the most important 

The animals are characterised by having a cloven foot consisting 
of a symmetrical pair of toes encased in hoofs, and looking as if 
produced by the cleavage of a single hoof. 
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The toes used to walk on are the third and fourth, but the second 
and fifth toes may be present in a rudimentary form on the back of the 
foot. They are never so far developed as to touch the ground when 
walking. As regards dentition, typically there should be no incisor or 
canine teeth in the upper jaw, but in the lower jaw there should be six 
incisors and two canines which are all similar in size and form and 
constitute a continuous and uninterrupted series of eight teeth 
placed in front of the lower jaw. There are six back teeth 
(promoters and molars) on each sideof each jaw, and these have grind¬ 
ing surfaces, the enamel ridges of which form crescents. J he typical 
dental formula of a Ruminant therefore is— 


. O—a u -U 

f.-I <?. 

3—3 


-- ; pm , '-*=32 

r 3—3 3—3 j 


In the absence of incisor teeth in the upper jaw, the lower incisors 
bile against a pad of hardened gum. The camels differ in their denti¬ 
tion from the above formula. The stomach in the Ruminants is 
complex and is divided into several compartments, this being in 
accordance with their mode of eating. They all “ ruminate ‘’or “ chew 
the cud, ” i.e., they first swallow their food unmasticated, and then 
bring it up again after a longer or shorter period in order to chew it. 
This is effected as follows The gullet opens at a point between the 
first two compartments or stomachs, of which the largest lies to the left 
and is called the ‘‘paunch ” while the smaller right cavity is called the 
" honey-comb bag " or reticulum. The paunch is the cavity into which 
the food is first received, and here it is moistened and allowed to soak 
for a time. After the food has lain sufficiently long in the paunch, it 
passes into the “ honeycomb bag ” from which it is again received into 
the .mouth by a reversed action of the muscles of the gullet. After 
having been thoroughly chewed, and prepared for digestion, the food 
is now swallowed a second time. Now, however, instead of passing 
mto the paunch the masticated food is conveyed into the third stomach 
ch is known as the “ many.phes" because its inner lining is thrown 
into a number of longitudinal folds, like the leaves of a book. The 

lasTZmi 1 b J 10 " 13 . ? Pe,1S by 3 Wide a P erture into fo«rth and 
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Family,- — Cervidx (D eerl. 

The Cervidx include the true Deer and the Musk Deer, and are 
characterised by the fact that the forehead with a few exceptions 
carries t»\o solid bony antlers which are not hollow, and are usually 
l.ranched. With the exception of the Reindeer these appendages are 
confined to the males and are deciduous, being as a rule produced 
annually before the rutting season and being shed and reproduced 
before the next season. In India, however, there are exceptions to this 
rule. They increase in size and, in typical stags, in the number of 
branches, or tines, every time they are reproduced, till in the old maW 
they may att.ain an enormous size, New horns arc at first clothed 
with a hairy shin (when they are said to be in velvet), which is 
subsequently rubbed off. The Hog-deer (Cervus porcinus fig. 38’) 
Chita! ( Cervus axis, fig. 383), Barking Deer (Cervulus muntjac, 
fi g- 386). Sambar { Cervus unicolor, fig, 384). Swamp Deer or 
Barasingha {Cervus duvauceli , fig. 385), are all in habitants of India 
andall hefong to this family. In the Parking Deer the canines are 
large and the horns are carried on long bony stalks covered with 
hair, 1 he Musk Deer {Moschus mosehi/erus, fig. 381) have enor¬ 
mously developed canines, but no incisors in the upper jaw and no 
horns. 

The members of this family injure forests by browsing on the tops 

Damage done by Deer, f flings and coppice shoots, by 

breaking down young growth and by 
wounding the bark of young trees by means of their horns. This 
latter may be either to get rid of the " velvet ” of the new horn or 
by butting against the trees in the rutting season. Sunbar are 
particularly harmful in tin's respect, and in every forest in India, where 
these animals are to be found, damage attributable to th^m will be 
easily discernible. Mr. Clifford stated that Ficus elastica plantations 
suffered from deer in Assam, and the same is the fact in the Chitta- 
gong Hill Tracts. A very strong and high fence is required to keep 
out these animals, and the method now- adopted is to keep the plants 
in the nursery until they have reached a safe height. The author has 
noticed that young Ptnus longijolia saplings in the inner Siwaliks 
appear to be almost invariably barked by Sambar. 
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Family. — Giraffidat (Giraffes). 

The Giraffes {Gira$d&) are exclusively confined to Africa] and 
there is only one living species. Both sexes have from two to five 
horns, which are persistent and covered with a hairy skin. Ttie 
neck is extremely long and! the fore-legs longer than the hind ones. 


Family.— Bavidse. 


The Cavicornta or Hollow-horned Ruminants comprise the Oxen, 
Sheep, Goat9, and Antelopes, and are characterised by having horns 
which may be present in one or both sexes, and consist of a horny 
sheath surrounding a central bony a x is or " horncore ” The horns 
are persistent and are not periodically shed-; there is usually only 
one pair, though there may be two. They have the typical ruminant 
dentition, and they include a number of animals which are of the 
highest utility to man. 


The Antelopes are represented in India by four species— the 
Indian Antelope or Black Buck, the Gazelle or Chiokara (fig. 385), 

tbe ?■'! f B . UU ° r N ' lgai ’ and the ^-horned Antelope, but they arc 
chiefly Afncan. They closely resemble true deer, but can be distin¬ 
guished by the possession of hollow horns, instead of solid antlers. 

The Sheep and Goats are closely allied to one another, there 
Old iTT t°T" C Varkt:e£ * A! ‘ tbe shee P are -tives ^ the 

Mountains' Tte fnd"“ P ^ th« Rocky 

Mountains. The Indian representatives of this family are the Goral 

{Cemas go rat), Serow {Nemorkasdtts bub a linus fig '1881 lh*»* T k 

B% 3891,farther SjMSJj ™,' 
Buara UOvtsnahura, fig, 39 ,,), Uml (Ovts vigneLfa ^ 

Great Pamir Sheep (Ovis p 0 U t fig, 393). g * S ’ 392) aod * e 

The g engs Bos includes that most important animal a 

]u “ ttrss ?£■?. 

Mithan [Bos frontalis, ^ Th ' 

saurus, fig 395) „„ d ^ ^ “ d l “ G *“L«r I» 4 an Bi»n [Bos 
[Bison amerieanns) is a km, a’ S Tte American Buffalo 
Bison, and ha, a» enormous head "“ ^ ^ te tl “ E "f>c*> 
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The damage done by sheep and goats and cattle in the forest is 
usually of a serious nature, as young seedlings, coppice shoots, and 

even saplings are grazed down or broken down 
niimals Sed ° nel>V ° theT them. Although owing to their greater size 

buffalo and cattle probably commit more havoc 
by breaking down plants, it is unquestionable that the goat is by 
far the greatest evil. Everything is food to him, and his method of 
feeding ie most wasteful, add to which his powers of climbing enable 
him to commit greater damage. Sheep, from their habit of keeping 
together in droves, are dangerous on hill-sides and steep, shaly areas 
owing to the constant treading in each other's tracks, and the de¬ 
struction thereby caused. 


Sub-order.—Perissodactyla. 

Includes the tapirs, horses, and rhinoceroses. The third or middle 
digit is much more developed than the others, its two sides being 
similar. The number of digits on each foot is, as a rule, odd and, 
except in tapirs which have four toes on each fore*foot, is one or 
three. The premolar and molar teeth are similar and form a con¬ 
tinuous series. The stomach is simple. Fig, 397 shows the bones ol 
the manus of a tapir, horse, and rhinoceros, 


Family .—Tapiridx (Tapirs). 

The Tapirs ( Tapi rids) have four toes to each of the fore-legs {fig- 
396 c), but only three toes on the hind-legs, so that they arc really 
odd-toed. No horns are present. The nose forms a short movable 
proboscis used in stripping off the leaves of trees. They are large, 
clumsy, pig-like animals, which inhabit South America, Sumatra, 
Borneo, and the Malay Peninsula with Tenasserim. 


Family,— Equids. 

The Horse and its allies [Eguiitx) comprise the Horses, Asses, 
Zebras, and Quaggas. The loot carries only a single toe (the third 

toe' which is furnished with a broad hoof (fig. 39 « *)• U P°“ the end 01 
this toe the animal walks. The second and fourth toes ace present m 

a rudimentary form as little bony splints (the so-called ' splint-bones b 

hidden under the skin. There is a continuous scries of incisor 
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in both jaws, and in the males canines are present. The dental 
formula is— 


■ 3—3., 1-1 
>* - 


(or none) ; pm 


3—3. 


m. 


o _ 


” 40 


3—3 1—1 3—3 3—3 

All the domestic varieties of horses appear to be descended from 
the single species Equns caballus , which seems to have been primitively 
a native of Central Asia, in which country another species of horse 


has recently been discovered. 

The genus Asinus includes the Asses, Zebras, and Quaggas. Ibe 
wild asses are natives of Asia and North-Eastern Africa. The Zebras 
and Quaggas are exclusively African and are distinguished by their 
beautifully striped body. Lately another African animal of this family, 
known as the Okapi, has been discovered. 


FAMlLY .—Rhinocerolids (Rhinoceros). 

Three digits on each foot; one or two horns on the nose. The 
Rhinoceroses are extremely Urge animals, having very thick and nearly 
hairless skin, usually hanging in thick folds. The feet are furnished 
with three toes each, all encased in hoofs (fig. 396 b). The nose is 
furnished with one or two horns. If two horns are present, they are 
not paired, but one is placed behind the other, the hinder one being 
much the shortest. The Sumatran rhinoceros has a pair of horns, but 
they are longitudinally arranged. The various species of Rhinoceroses 
are found in India, Java, Sumatra, and Africa, feeding chiefly on 
grass and the foliage of trees. They are sometimes found in marshy 
ground, but some of them inhaoit hilly country. The Indian species 
(/?. unicornis, fig. 397) is now practically confined to the forests of 
Nepal, North-East Bengal, east of the Tista river, and Assam, 


SUBUNGULATA. 

By far the greater number of the Subungulata are extinct. The 
feet often have five functional digits and may be plantigrade. 


Sub-order.—Hyracoidea. 

Family. —Nyr acids. 

This sub-order is uuimportant. It comprises the genus Ply rax . 
The animals are small and gregarious, mostly living in holes in rocks. 
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They resemble in many ways the Rhinoceros, especially in the form 
of their molar teeth. 1 he incisor teeth of the upper jaw are long and 
curved u ith sharp cutti ng edges, and they grow from a persis'ent pulp, 
thus resembling the teeth of the Rodents (Rabbit and Beaver! 

etc.). The so-called Badger of South Africa is a well-known species 
of Hyras. 

Sub-order.—Probosc idea. 

Family —Elephantidx (Elephants). 

The only living animals belonging to this sub-order are the Indian 
and African elephants. The name of the order is deri'ed from the fact 
that the nose is prolonged into a long, cylindr cal trunk or probo e cis, 
which is very muscular and terminates in a finger-shaped lobe, below 
which are placed the apertures of the nostrils. The proboscis is the 
sole organ of prehension of the animal and is employed to take up 
water, and also to introduce into the mouth the vegetable subsiances 
upon which the elephant feeds. The elephant in fact is unable to 
apply the mouih directly to the ground, either for feeding or drinking, 
owing to the peculiar form of the incisor teeth. The upper incisors 
are two in number and often constitute long tusks which grow 
throughout the whole life of the animal, and in old individuals may 
reach 6—7 feet long. There are no lower incisor teeth, and canine 
teeth are absent in both lower and upper jaws. Each jaw, however, 
usually has a pair of exceedingly large molar teeth which are trans¬ 
versely ridged and are used in chewing the food. Only one or two 
premolars and molars are in use at a time, and as they are worn out 
and shed they are replaced by the next teeth behind them. The 
form of the animal is very massive, and the skin is thick and covered 
with scattered hair. 

The feet have five toes each, but all the toes do not carry hoofs, 
and the animal walks upon a thick pad of horny skin, which forms 
the sole of each foot. The Indian elephant inhabits India and the 
Indian Archipelago, and has generally five hoofs to the fore-feet but 
only four to the hind-feet. The Ceylon elephanl is a mere variety. 
The males alone possess well-developed tusks, but tuskless males 
are of common occurrence, especially in Ceylon, and are known in 
India as “ Makna.” The African elephant is very similar to the Indian 
one. Both sexes of the former, however, also possess tusks, those 
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of the males being largest. There are many extinct forms of ele¬ 
phants, amongst which the best known is the Mammoth which 
undoubtedly existed in Europe within the human period. 

Elephants commit damage in the forest by breaking down ycung 
trees or stripping off their bark or that of the branches. 


Order 7.—Rodentia. 

This order comprises a number of small animals, characterised 
by the absence of canine teeth, and the possession of two long 
curved incisor teeth in both jaws, which are separated by a wide 
interval from the molars. There are seldom more than two incisors 
in the upper jaw (sometimes four}, but there are never more than two 
in the lower jaw. The molar teeth are few in number (rarely more 
than four on each side of each jaw). The feet are usually furnished 
with five toes each, The most characteristic point about the rodents 
is to be found in the structure of the incisor teeth, which are adapted 
for continuous gnawing. They grow from persistent pulps, and 
consequently continue growing as long as the animal lives. They 
are large, long, and curved, and are covered in front with a layer of 
hard enamel, so that the softer parts of the tooth are placed behind. 
The result of this is that as the tooth is used .in gnawing, the 
softer parts wear away more rapidly than the hard enamel in front 
and thus the crown of the tooth acquires by use a chisel shape, bevelled 

away behind, and the enamel forms a persistent cutting edge. The 
rodents are almost all of small size and are very prolific. They live 
chiefly on vegetable matters,*' especially on the harder parts of plants 
such as the bark an* roots, and they do harm in nurseries and planta¬ 
ins by gnawing away the roots and bark of seedlings and killing them 
Many build very elaborate nests, and most of them hibernate during the 
cold months. 1 hey are very generally distributed over the world The 

(1) Aponte comprising the hares and rabbits, several species 

of the former of which are present in India. They feed 

on vegetation; hares are a nuisance in nurseries, to 
crops, gardens, etc, 

p ig. M8 show, Httof an Indian specie, knewn a, 
L ’ fus mgrtcoUis, the black-naped hate of Southern 
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India. L. ruficandatus is the common hare ol 
Northern India. 

is) Hystricidx comprising the Porcupines, which are charac¬ 
terised by having the body covered with longer or 
shorter spines or quills mixed with bristly hairs. They 
mostly live in burrows and are like rabbits in their 
habits. A few American species have prehensile tails 
and live in trees. The common Indian one, Hystrix 
leucura, of which tig. 400 shews the skull, does damage 
to young plants and to old trees by gnawing off the 
bark. Many of the Khair trees in the Siualik forests 
have been badly attacked in this way. Fig. 399 depicts 
Atherura macritta , the Asiatic brush-tailed porcupine, 
an inhabitant of Assam and Burma, etc 

(3) Costorids or Beavers, which have webbed feet and a scaly 
tail and a fur which is of considerable value. They 
inhabit North America and Europe, living in water and 
damming up streams. 

{4) The bamboo rats (Family Sfalacidit ), of which fig. 40! 
shows Rhizomys sumatrensis, live in burrows under the 
roots of trees and feed upon roots, bamboos, grass, etc. 

{5) Muridae comprising the Rats, Mice, Lemmings, Voles, etc. 
The mice and rats are well known and often give trouble 
to the forester by gnawing off the roots of seedlings in 
nurseries and eating stored seeds, in this way doing con¬ 
siderable damage. They are also' common household 
pests to man. Cerbillus tndicus (fig. 403) is a rat 
which lives in holes and galleries in waste lands and 
often attacks grain and other seeds in a most serious 
manner committing very heavy depredations Mus 
rattus is the common Indian rat, whilst Mus musculus 
is the ordinary house mouse, and M, budttga, the 
common mouse of the fields, Microtia blythi (fig. 402) 
is a vole of the Himalayas. 

(6) Sciurtdae comprising the Squirrels, Flying Squirrels, and 
Marmots. The flying squirrels do not really fly but take 
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long leaps from tree to tree by means of laterally extended 
folds Of skin. The squirrels live in trees and cause 
damage by feeding on the seeds and fruits of trees, 
which they often store up in considerable quantities. The 
common large brown flying squirrel (Pleromys oral } 
depicted in fig. 405 is an inhabitant of tree forests 
living in holes in the daytime. Sc turns macdellandi 
is the common striped squirrel of the Himalayas. 

The marmots live in holes in the ground. 

Fig, 404 shows the red Marmot, Arclomys candalus, of the 
North-Western Himalayas. 

The Guinea-pigs {Cavirtds) are not Rodentia. 


Order 8. —Carnivora (Beasts of Prey). 

This order comprises the Beasts of Prey, including the Lions, 
Tigers, Wolves, Dogs, Cats, Civets, Mungooses, Stoats, Weasels, 
Hyjenas, Seals, Walruses, Rears, etc. These animals are distin¬ 
guished by possessing two sets of teeth, which are simply ena¬ 
melled, and are always of three kinds : incisors, canines, and molars, 
differing from one another in size and shape. The incisor teeth arc 
generally six in each jaw ; the canines are always two in each jaw, 
and are longer than the other teeth. The premolars and molars are 
mostly cutting teeth, furnished with sharp uneven edges, but one or 
more of the hinder teeth have tuberculate crowns. Fig. 40) shows the 
upper sectorial teeth of Fells, Cams, and l/tsits. The dentition 
differs considerably in different members of the order, the following 
being the dental formula of the cats {Fe/i'i/«r) which are the most typical 
examples of the carnivora :— 


2. 


3—3. 
3—3 ’ 



pm- 


3^r3. 
2—2 ' 


tit. 



30 


In the Felids and other typical carnivora the last premolar in the 
upper jaw and the first molar in the lower jaw are specially developed 
and are known as the “ carnassia !" teeth, having a sharp cutting edge; 
whereas in other cases the corresponding teeth are blunt and tuber- 
culated. As a general rule, the shorter the jaw, and the fewer the 
premolars and molars, the more carnivorous is the animal. The jaws 
are articulated so that the movements are vertical and not horizontal; 
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and the sharp-edged back-teeth are thus enabled to act like the blades 
of a pair of scissors. A skull of the clouded leopard [Felts nebuhsa) 
exhibits this dentition (fig. 407). In addition to having this strictly 
flesh-eating dentition, the carnivora also have the feet provided 
with strong Curved claws ; and the collar-bones are either quite rudi¬ 
mentary, or are altogether absent. The order is divided into two 
sub-ordera, named Pinnipedia and Fissipedia, 

{ij Pinnipedia, 

The whole external form of the animals is modified for an aqhatic 
life, the hind feet being converted into swimming paddles. The teeth 
of the molar series, both pro molars and molars, are similar to each 
other in size and form. 

This sub-order includes the seals and (ruses, both of whom are 
inhabitants of cold climates and are not found in India. The 
walruses can be distinguished from the seals by their enormously- 
developed upper canines which form two pointed tusks. 

(2) Fissipedia or Carnivora Vera. 

These animals are fitted for a terrestrial or partially terrestrial 
life, the feet sot being formed into web swimming paddles. The 
animals walk either on the soles (bear], palms (otter), or toes (cat) of 
the foot. The pupil is circular in most of the large carnivora. The 
teeth of the molar series in each jaw are dissimilar in size and form, 
there being always one tooth on each side, above and below, that is 
especially modified, and is called the fl carnassial ” or flesh-tooth. 

The sub-order is divided into three groups, named /Eluroidea, 
Cynoidea, and Arctoidea, from the Greek names of the cat, dog, and 
bear, respectively; each of these animals being typical of a 
particular section of the carnivora. 

jELUROIDEA, 

Family.*— 

The Felida comprise the Lions, Tigers, Leopards, Panthers 
Lynxes, Cats, etc. These animals are the most highly carnivorous 
and therefore the most typical of the carnivora. In all of them 
the animal walks upon the tips of the toes, and the soles of the 
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feet are hairy. The jaws are short, the head rounded, with a 
short muzzle. The molars and premolars are fewer in numl»er than 
jo any of the other carnivora and hence the shortness of the jaws: 
and they are all furnished with cutting edges, except the single 
molar in the upper jaw, which is tuberculate, The legs are of 
nearly equal length and the hind-feet have only four toes 
whilst the fore-feet have five toes each. All the toes are fur* 
pished with strong, curved retractile daws, which, when not in use 
Are withdrawn into sheaths. The tongue is rough. The ammals are 
aU very muscular and all seize the prey by suddenly springing upon it 
The lions are confined to the Old World, inhabiting Southern Asia and 

, .. A ? e " stl ' t exis * in the Gir in Raiputana. The tiger 

[Felts itgrts ) is found in Asia only, whilst the leopards (F pardus 

etc.) are found in both the Old and New Worlds, as also are the 

yn«s which have tufted ears. The cats are numerous in India 

entity ******'* {S *' 4 ° 8) iS * Wt C0mm011 in the h % regions of the 

Family.— Viverridm 

mod ™L in °Y t3 . ciTct3 ' mo ”K t ’ os “. etc., which arc- 
moderate-sized animats with sharp muzzles and Ion? tails and l„4„ 

either striked or spotted. Thecaniue.«long sham J ^ 

the daws being semi-retractile. ® p inted * 

The genera Viverra and Viverrieuta comprise the true Civet 

asvsis tnsr • 1 vs?» r/r 

as 

large .ndian Ovet-cat. The 00 

Family,— Protelidie. 

- STassa-sscz 

Family.— •Hy&nid*< 
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, mimic rounded, the tongue rough, and the hind-legTnre 
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shorter than the forelegs, the claws being non-retractile. The common 
Striped Hyaena (fig. 410) of India can be recognised by the prominence 
of the bony crest in front of the head and its relatively short hind-legs. 

Cynoidea. 

Family —Canids. 

The Canidae are the only family to be considered in this group, The 
family comprises the dog, wolf, fox, jackal, etc. The animals have 
pointed muzzles, smooth tongues, and non*retractile claws. The fore¬ 
feet have five toes each, the hind-feet four only, and this is the case 
with all the Indian wild species. There are four premolars and two 
molars above. Wild dogs and wolves are destructive to Indian game 
animals, and foxes commit depredations on poultry, etc. Fig. 411 
shows the skull ol Vulpes bengalensis, the Indian fox. Jackals are 
omnivorous and do a good deal of damage at times by feeding upon 
sugar-cane. T hey also eat coffee-berries and thus aid largely in the 
distribution of the plant, as the seeds pass through the digestive 
organs without injury. 

ARCTOIDEA. 

Animals which apply the whole or the greater part of the sole to 
the ground, In most instances, the portion of the sole employed is 

hairless. 

Family,— Mustetid#. 

The MustclidcE include the Martens* Polecats, Stoats, Weasels, 
Badger, Otters, etc., and have short legs and elongated worm-like 
bodies and a stealthy, gliding mode of progression. The Otters li*e 
in water and have webbed feet. The skins of many of the animals of 
this family are valuable owing to the furs with which they are covered. 
Mustela flavigula (fig. 4< 2) is the Indian Marten, common in the 
Himalayas and hilly parts ol Burma. 

Fam ILY.— Procyonids. 

The Proeyonid* or Racoons are chiefly natives of Tropical and 
South America. The single Indian genus Mleurus contains one 
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species. sE. fulgent, the red cat-bear or Himalayan racoon, an inhabi- 
Unt of the South-Eastern Himalayas. It inhabits forests, living in 
holes in trees. It is to be found feeding both on the ground and in 
trees. Fig. 413 shows this animal. 

Family. — Ursidz. 

The Urstdx include the bears. The portion of the foot applied 
to the ground in walking by the bears is nearly or altogether desti¬ 
tute of hairs, except in the White Bear of the Arctic Regions. This 
White Bear and the Common Brown Bear [Ursus arcius) are the most 
typical examples of the Urstdz. The bears are much less purely 
carnivorous than the majority of the order, and in accordance with their 
omnivorous habits the teeth do not exhibit the typical carnivorous 
characters. The incisors and canines have their usual carnivorous form, 
but the hinder premoiars and the molars are furnished with broad 
tubercular crowns. The claws are large, curved, and strong, but are 
not retractile. The tongue is smooth, the ears small and erect, the tail 
short, and the nose mobile. Most of the bears are only carnivorous in 
that they eat flesh when they can get it; but a great part of their 
food consists of roots, fruits, seeds, honey, and even insects. Fig. 414 
shows the skull of Melursus ur sinus , the Sloth-bear or Indian Bear. 
This animal has small teeth and is rarely, if ever, carnivorous. 

They occasionally do damage by barking trees. In the Jaunsar 
Division in the North-Western Himalayas the bear has a habit of 
barking and girdling the deodar ; quite a number of trees are killed off 
in this way. 

Order 9.—insectivora. 

This order comprises a number of small animals, very similar in 
many respects to the Rodents, but they have not the peculiar incisors 
of that order, and they are provided with clavicles. All the three kinds 
of teeth are present, but the dentition varies, and the only common 
character is that the crowns of the molar teeth are furnished with 
small pointed eminences adapted for crushing insects, which form the 
chief food of the order. This is shown in Fig. 415, which depicts the 
skull of Tupaiaferruginea, the Malay Tree-shrew. All the toes have 
■claws; there are usually five toes to each foot, and most walk upon the 

0 
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soles of the feet. They are very small animals and exist over the 
whole world, except in Australia and South America, where their 
place is taken by Marsupials, such as the Opossums. 

The order is divided into several families, of which the following 
occur in India 


Family . —T upaiidse. 

The Tafandse or Tree-shrews closely resemble squirrels in 
general appearance, and, like squirrels, live In trees and are diurnal 
in their habits. They have well-developed limbs, sharp claws, and 
a bushy tail. Species occur in India and Burma and in other parts 
of the Oriental region. 

Families, — Erinacese (Hedgehogs) and Talpidx (Moles), 

The Erinacese include the Hedgehogs, which have the power 
of rolling themselves into a ball on the approach of danger. The- 
hedgehogs have the back and sides covered with spines. Very little 
is known about the Indian species. It probably resembles its 
European confrere and lives upon insects, worms, snails, slugs, mice, 
rats, etc. 

The Talpidx or Myles are distinguished by having the body 
covered with hair, the feet short, and formed for digging, and the 
toes furnished with strong curved claws. There is no external ear, 
and the eyes are either extremely small or are completely concealed 
beneath the skin. They are all nocturnal burrowing animals and 
damage roots in their tunnelling operations. 

Two or three species inhabit the Himalayas, Assam, and Burma, 
Ta^Pa micrura (fig. 416) is the mole of Nepal, Sikkim, and hills 
south of Assam, It is common round Darjeeling. 

Family. —Soricidse (Shrews). 

The Soricidse or Shrews are very like true mice in external appear¬ 
ance, but they are really widely different. The body is covered with 
hair, the feet are not adapted for digging, and the external ears are 
thin, the eyes being well developed, The Soricidse probably contain 
the smallest of existing mammals, a shrew which does not exceed, 
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including the tail, 2 \ inches in length. A common Indian example 
is Crocidura murina (fig. 417), the brown musk shrew or musk rat 
found all over India. 

Fam ILY. — G&isopithecidas. 

The Galeopithecidas or Flying Lemurs possess a flying membrane 
extending as a broad expansion from the side of the neck to the 
arms, from the arms to the hind-legs, and from the hind-legs to the tail. 
The animal with this takes extensive leaps from tree to tree. More 
than one species is known to inhabit the Indian Archipelago, and they 
feed on insects and small mammals. Galeopithecus volans, the 
flying lemur (fig, 4*8)1 is found in Tenasserim, 


URDER 10,— 
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of sleeping animals, are also included here. The fruit-eating bats 
include the well-known so-called Indian flying-fox { Pteropus medius), 
of which fig. 419 shows the skull, which feeds upon fruit and does a 
large amount of damage by feeding in mango and other orchards. 
They are probably of some use in distributing seeds. 

Fig. 420 shows the grizzled bat, Vesperugo mordax. 

Order t i.—Primates. 

Th is order includes, Lemurs, Monkeys, and Man, which have the 
same anatomical characters. The Primates may be defined as 
possessing perfect clavicles which articulate with the top of the ster¬ 
num, The radius and ulna and tibia and fibula are complete. The 
typical dental formula is— 

i. 2 ~~- - ; c. ‘-Hi; pm. or m. ^ = 32 or 36 

2—2 1 —) 2—2 3—3 3—3 

In no instance are there more than 36 teeth altogether, and the 
■molars always have broad and tuberculate crowns. The mammary 
glands are typically two in number, and are almost always pectoral in 
position. The eyes are enclosed in distinct sockets. 

The monkeys are often a source of annoyance to the forester and 
occasionally do a considerable amount of damage in nurseries by 
uprooting seedlings, etc., and turning up the soft earth of the seed 
beds to hunt for seeds. 


Family.— Lemur idse. 

The Lemurs differ so much from monkey's that they are often 
arranged in a distinct order. They have longer heads with a narrow 
muzzle, differently-shaped teeth, and a peculiar claw-like nail on the 
second digit of the foot. Two species occur in India, one in Burma, 
and another, Loris gracilis, in Southern India and Ceylon. 

Family.— Cercopithecids. 

Comprises the Apes, Monkeys, and Baboons. Monkeys with tails 
Includes two sub-families* 
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Sub-Family,— Semnopithecina, 

Slender monkeys with long tails and no cheek pouches. Their tood 
consists chiefly of leaves and young shoots. SemnopUkecus e * le “ us ' 
the Lun^oor or Hanuman Monkey, of which fig. 421 shows the skull, 
is the common sacred monkey of Northern India. It feeds upon 
fruit, grain, seed pods, leaves, and young shoots. It has a loud voice 

which is often heard. 


Sub-Family. — Cercopithecina. 

The tail is variable in length, and cheek pouches are present. 
Macacus rhesus is the common Bengal monkey, which is never 
molested and is as impudent as the lungoor. 

FAMILY. —S im it da. 

The Si miida in which no tail is developed. This family contains 
the howling hoolock (Gibbon) monkeys of the jungles of Bengal, 
Assam, and Burma. It also includes the Gorilla, Chimpanzee, and 
Orang Outang. The Gibbons, Hylobatesy inhabit Asia. Fig. 422 
shows Hyhb&tes far, the white-headed Gibbon. 

FAMILY — Hominida (Man). 

In man the hind-limbs are developed so as to support the body 
without the assistance from the fore-limbs, and are extremely muscular. 
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Stone-fly 


45 

Stork , * 

* 

199* 200 

Sirigts „ 

1 a 

195 

SitQmnttum , 

•i 

100 

Stromatiuin bnrbolum 
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Thorax or an insect 


4 

22 
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Tiga javanensis 

■ 

4 

192 

I ig'er . 

* 

- 

lit, 12», 22J 

1 iger-beetle * 

* 

* 

83, 147. 'Si 
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Tongue ol bard * 

4 

4 

1S7 

Tortoise . 

V 

■ 

J 75) '77. US 

Tortricidm 

* 

■ 

137 

Jortrix sp. 

« 

* 

'37 
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